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OBSERVATIONS ON THE CYSTS 0T EXTAMOEttA 

TEW AGES A * 


S J' DARLING, !M I) 

ANCON, C / 

When we considei the medical hidon of Panama v,i(h lefoienec to 
the on gm of it 5 population the negiot* 5 from Afuta and po 55 ibh Hit* 
Pacific Islands, Chinese. mtiodueed In the Fiomh Canal Compam . 
Coolie. 5 . Sikh 5 and Bengali 5 fiom India, besides tlune lopu’sentutnos of 
the Caucasian ince who ha\c conic fiom e\oi\ poiiion of tin* tiopxal and 
mbtiopieal woild, Ameiican 5 fiom the Philippine 5 , muiou 5 globe-hot tci 5 
and c tiopical tiamps. v we naturalh expci i to encmintei h< ic mhiio of 
the dnease 5 e 5 pecialh chaiacteintic of other larnk and we aie not 
suipn=ed to find that eehinoeocuis infection 5 an* confined duuh to 
Spanish laboiei 5 Infection In r J a/'nui nano and 7 oaui* 

among Euiopeans and Ameiiean 5 Bilhai/aosis corner aimed e\elusi\el\ 
from the Fienth V e 5 l India Island 5 , Jnlana denial quat in nogioes fiom 
St Vincent, Old Woild hookwonn 5 , A duodenale, among the Wed 
Indians, poshly liiiiodneed tlicie 1^ coolie 5 Tnchmosis lias lieen 
detected only among the Spanish (fiom Spam) 

Some of tliese diseases aie nWliitch confined to the nice 5 oi nation- 
alities mentioned, because the local cmiionment heic is cpnte unsuited 
foi then ttansmission to the natnc population Foi example, thcie n 
no instance of any kind of iapewoim oi fluke infection among the natno 
population It is othei wise, liow m ci, with hookw oi m disease Foi the 
Old Woild woim is now iound in many of the Wed Indians and m pome 
Panamanians 

If a sailor infected w ifh acdivo-aufumnal malana fiom the w r est coast 
of Aflica phonic! liaxe a Mifficicnl mnnbei of gametes m his penpheial 
blood on ai living hoie, and be bitten by Anopheles alhimnms, GO pci 
cent of the mosquitoes would become infected and might latci tiansmit 
the disease to otheis, the s CC ondaiy -cases would clinically conform to the 
local 1 a pe of malaria, and thcie would be no difTcicnce m moiphology 
between the plasmodia and those m cases seen here 


’Mumsenpl submitted foi publication in Inn Arcihu.s Sept 25, 1012 
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li tie compaie too, the pathological featuies of those natne diseases 
which are also found elsewhere in the tropical world, we find that they 
aie practically identical Onental soic, blaek-watei fever, yellow fevei, 
lepiosv and malaria piesent the same featuies wherever encounteied 

To the practiced eye of the pathologist theie is something specific 
about the appearances of the lesions caused by the pneumococcus, tubeicle 
bacillus and meningococcus, when, foi example, the meninges aie 
involved, and a histological examination of tissue confiims the opinion 
based on the gioss appeaiances It is usually possible by a meie inspec- 
tion of a temperature chart to distinguish fiom each other cases of 
lelapsmg fevei caused by ftp i ecui rcniis, Sp dulioni and Sp. novyi If 
these piemises are true, then if theie be moie than one variety of path- 
ogenic entamebic infection it may be piesumed that the cosmopolitan 
population of Panama would sooner 01 later disclose some evidence of 
the different types Tor the disease lequnes no specific transmitting 
agent, but infection follows m the same way as typhoid fevei 01 bacillaiy 
dysenteiy We should expect to find at least the two alleged f3pes 
described elsewheie, and we should expect to find some sufficient!) v ell- 
marked differences m the lesions caused by the two species of entameba^ 
Such is not the case, however In my autopsies at Ancon Hospital during 
the past seven years, the entamebic lesions have presented a charactenstic, 
unique and unvarying pathology, and these lesions ha\e the same chai- 
actei as those descubed fiom the Philippines and othei tiopical countries, 
if we aie to judge from the descuptions and lllustiations m the liteiatuie 
on the subject, and the opinions of medical men with a Philippine 
experience who have seen the cases heie 

If we considei some of the piotozoal diseases infecting man and 
animals, we may note that then sexual 01 peipetuatmg forms offei no 
difficulty of detection Gametes of malana may be found m almost eveiy 
untreated case of malaria when caiefully looked foi In cocci diosis of 
animals the oocysts are always m evidence m the stools Cysts of Lambia 
mteslinalis, Tnchomonas vaginalis and othei intestinal paiasitic flagel- 
lates are easily detected m the stools m cases of infection by then 
lespective flagellated forms Cysts of Entamoeba coh may be found m 
every case of infection by this entameba, and cysts of Entameba tetiagena 
may also be found when specially looked for, m untieated cases not fatal, 
in imperfectly treated cases and m chronic cases, as well as m some cases 
before a relapse 

Is it not strange that the repioductive cycle of E histolytica showing 
the formation of spores by buddmg has been so rarely seen ? Schaudmn 1 
described it from a case of dysentery contracted m China, and Craig 2 has 

1 Schaudmn Arb a d k Gsndhtsamte, 1903, xit, 547 

2 Craig Am Med , Phila , 1905, ix , 854, 897, 937 
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confnmed Sehuudmn's findings, while Haiimann,' who 1 ms o dimmed 
some of Scliandmn's ongmal prepaialions of E. histolytica, i? of f be 
opinion that most of them aie E ictiagcna Piadicallv all othei 
ohserveis of E. histolytica have had io content themselves uith dc c cnp- 
tions of the tiophozoites of the laige vegetative foi m*, oi of the ^mallei 
foims, and on these they have based then deteimmation of specie^. 

If we make a careful study of the entamebas found m oni ca^e* of 
dysenteiy and liver abscess using a technic which brings out ns well as 
possible the morphological features m the nucleus of the tiopho/oite* and 
m the evsts, we can be of no oihei opinion ilinn that there is but one 
pathogenic entameba and that one is E ictiagcna 

We hare too long been bia c ed bv the posthumous influence of Behan- 
dmn We have used too cnielessl} the Jlomnnow stain with dr} -fixed 
films for the identification of entameba? We have been content to Im^e 
our diagnosis on obseivations limited to the laige hopho?oiie found in the 
stools m d'ssenteiv and in pathological tissue and to call the tiopho- 
zoite “E histolytica We have neglected to follow 0111 ea R es dm mg and 
after recovery, and we have failed to observe m neglected cases the foims 
repiesentmg the perpetuating phase of E ictiagcna, namely, the small 
generation and the cysts, both of which have been overlooked or have 
been mistaken for Entamoeba coh and monad cjsis. 

We should give attention to the woik of Hartmann, who, with hi- 
pupils, has established the fact that the common pathogenic entameba of 
all tropical and subtropical lands is E ictiagcna 

While collecting and studying specimens of entamebas fiom cluneal 
cases and autopsy material in Panama, I have had veiy little difficult v 
m observing nearly the complete developmental cycle of E ictiagcna , 
but an m sui mountable difficulty has been encountered m attempting 
to discover the fust tiace, m any of the entamebas seen heie, of a 
developmental phase such as that described by Schaudnm and Ciaig, 
and I am forced to the conclusion that E histolytica is not piesent m 
Panama, and influenced by the icseaiches of Hartmann and Wlntmoie, 
by Walkei’s lecent woik m Manila, m connection with my own observa- 
tions on tetragena cysts m the moist-chambei, and by animal experi- 
ments, I am inclined to doubt whether it has ever existed anywhei e 
Great as Schaudmn undoubtedly was as a protozoologist gifted 
with a wonderfully penetrating mind m the obseivation of the life 
histones of protozoa, skilled m the difficulties of technic and possess- 
ing a scientific imagination of wonderful power m intei pi etmg phe- 
nomena m his field, there is a steadily growing opinion that he made 
ta number of eirois Hovy has advanced reasons foi believing that 


3 Hartmann Lelirbuch d Piotozoenkunde (Piowazek) , Baitli, 1911 
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Schaudmn was mistaken with legaid to the life lnstoiy of Ti ypanosoma 
no ciua, and Haitmann as mentioned abo\e beliefs that lie was misled 
by degeneiation foims m desenbing E histolytica 

Scliandmn studied the peeuliai foims fioni -which he defiibed 
E histolytica m but one single ease of entamebie dyscntei ) , and his 
intei pretations have been accepted and applied to many cases elfuheie 
b3 r several obseneis If E histolytica be the common entameba of 
tiopieal lands as we baie hitherto supposed, it is extraoidmaiy that so 
little testimonj has been adduced m evidence that this entameba lia c 
existed m any othei person than Schaudinn's Chinese ease It is tiue that 
Ciaig has confirmed Schaudinn’s voile m connection with the deielop- 
ment of entamebas by spoies But Ciaig's illustrations indicate that 
some at least of the foims diawn by linn as E histolytica weie 
E teliagena and that his technic was not calculated to bung out such 
distinctions as aie nece^aiy foi the puipof In studying the spoie 
foimation of E histolytica, Ciaig seems to ha\e lelied on dned 4 films 
stained by a modification of the Romanov sky stain If one collect'; 
fiom the literatuie the lllustiations of “E histolytica” and of E 
tetiagena and compaies them it will be seen at once that the u liters 
hate been calling E histolytica the large tiophozoite'; seen in dysenteric 
stools, these frequentlj display no kai^osome but they can be demon- 
stiated as E tetiagena by animal inoculation 01 by the histoiy of the 
case On the other hand the illustrations of E tetiagena show that 
the wnters have been dealing with the reduced forms 01 small genera- 
tion -which are the lineal defendants of the laige trophozoites Elmassian 
indeed, a trained pi otozoologist, woilang with the reduced form of 
E tetiagena, described it as “E mmnia,” a distinct species 

The impoitance of Craig’s woik is m insisting on the tiuth that 
tlieie aie two paiasitic entamebas foi man, E colt and a pathogenic 
form and we owe to him a considerable debt of gratitude foi this 
woik, for he was for 3 ears the chief if not the sole influence m 
America opposed to the sincerely advocated but pernicious views of 
the culturalists, or those who believed (m fact some still belieie) that 
the pathogenic entameba may be cultivated on piotozoal agar 

The subject is of more than academic impoitance, for now that 
Haitmann has established the wude-spiead distubution of E tetiagena 
and all oui cases of dysenteiy heie are caused by the same entameba, 
we should begin at once the investigation of some of the impoitant 
questions vital to this disease, such as the viability of E tetiagena uysts 
in the outside world, the conditions m the host which lead to the pro- 

d In a strain of 77 tetragena fiom kittens I found aitefacts m certain films 
tliat liad been drv-fKed and stained bv Romanowskv These might easily have 
been described as the budding forms and cjiore formation of 77 InstolyUca 
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duclion of cNsts the influence of medication on ov-t juoduetion; the 
susceptibility of domestic animals to infection and then ngemv a^ 
cameis. and the nnmbei and kind of eV"ts nece^an to infect. It i<- 
tins aspect of the question that m of gloated impoitance. 

It would seem that infect ion m man oceni 1 - through the mouth In 
the ingestion of cysts In two lerent ca=c*' a cook and a child in the 
family who haiboied c>st« appealed to he the (.tmon 'the individual 
with acute nmptoms of dv«enien i< not umallv infectious for he is 
meiclv hai holing the laigc vegetative foim winch, to judge fimn the 
icsults of animal expeiimonts i^ digested and cannot hmvg to infect 
It is the unsuspected individual who ha** lecovcied fiom an attack and 
who mav have ioimcd ‘-tools 01 poscflflv dinuhoa. whene stools contain 
cysts that is the cnnici of infection r !'he impoitance, theiefoie, of 
examining stools of lecovcicd patient'- and in fart all clinical (sw* a^ 
well as of pei c ons m contact with clinical tas'- of dv'-entoiv, lot ihe 
detection of camcis, is veiv gicat T have dete< ted <v-t« m ‘•rvtinl 
individuals in whom thev wcie unsuspci ted The tommoncM location 
foi cntamebic leptons m oui ea«cs lieie has been the cecum (\w- of 
this t}pe may give no evidence of infection other than eolickv pains 
m that legion, but thev aie undonbtedlv feitde camel « of e}si- Tim 
stools of c}st-camei = aie usunllv c olid and contain no dwnteno 
elements — one of the ica«ons why tetiagcna cW* have been m» loner 
oveilooked 01 mismteipieted. 

The c.}sts aie lound, lefiactne bodies about 15 nneions m diaim-tci 
The} have no doubt been mistaken foi monad c\stb but miq be diflei- 
entiatcd fiom them hv the fact that the lattei van a good deal m 
swe aie eithei ^mallei oi laigcr and have oic-eentic mnigm- The 
c}sts mav be seen m fiesli piepniations to have one. two or foni nuclei, 
some have lcfiactilc blocks of chiomidia When the 0)si s aie quite 
homogeneous m the ficsh stool, thev will after cxposuie to the moist 
chambei oi m vasclmed films become diflerentiaicd m a day oi two 
so that one, two, or foui nuclei may be seen Jn -omc piepnralions 
aftei several days m the moist chambei it is possible to note that ihe 
cysts contents aie ameboid, and laiely, if one is foitimatc, the emcigenec 
of amebulae may be noted When it is desiicd to stain them, Jilin « 
should be made, wet-fixed and stained with hematoxylin 

The mode of tieatment appeals to have a veiy important relation 
to cyst pioduction I have observed cysts m seveial chronic and 
untieated cases and in a patient tieated by means of rectal injections 
which probably did not i each the lesions higher up ; but I have detected 
cysts in only one case m twenty-eight that had been tieated by means 
of veiy laige doses of bismuth submtiate In these cases the stools 
contained fiom 9 to 10 pei cent by weight of bismuth submtiate It 
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would appear that when most cases of entamebic dysenteiy aie tieated 
energetically by this medicament, the vegetative or large pathogenic 
generation is at once removed, leaving none to propagate the small 
generation from which the cysts arise 

Cases treated eneigetically by oral medicaments may fail to disclose 
cysts, for the vegetative entamebas do not have time to develop a 
resistant small geneiation with cysts Tins is analogous to the destruc- 
tion of all malarial merozoites by means of large doses of qumin at 
the beginning of an attack and thus killing all the potential gametes 
The investigations of Hartmann , 5 6 Viereck , 0 Werner 7 and Whitmore 8 
have shown the wide-spread distribution of E tetiagena as a cause of 
entamebic dysentery The paucity of evidence which we possess on 
the subject of the perpetuating forms of E histolytica , and the likeli- 
hood of E tetiagena being the chief, if not the sole, cause of entamebic 
dysentery m man, leads me to report these observations, for I am 
unaware of any published records of obseivations on the fate of E 
tetragena m the outside world Material from thiee cases has been 
studied 

CASE REPORTS 

Case 1 — Hospital No 105,730 This case was ILc first one positively identified 
here as an infection hy E tetragena The patient was admitted Sept 5, 1911 
It was Ins first time m the hospital His complaints were referable to an infection 
by malarial plasmodia which were found m his blood He stated that his bowels 
were regular He remained in the hospital fourteen days, received 3 grains of 
calomel and three doses of magnesium sulphate The total number of stools for 
the period was 51, an aveiage of 3 6 daily On one occasion it ^as noted that 
pus was found m the stool, this was on September 14 On September 8 many 
small entamebas (Fig 10) were detected m the stool and these I identified as 
E tetragena The patient was dischaiged September 19, and returned to woik 
In this case there is no history of dysentery Evidently the lesion m the colon 
was high up, most probably in the cecum 

The stool of November 13 contained trophozoites, sclnzonts and cysts and in 
stained specimens four nucleated cysts were detected 

Through the kindness of Drs Connor and Weinberg I obtained specimens of 
the man’s stool after he had returned to work The stools were solid but contained 
many small tetragena cysts All of those observed were homogeneous, for nuclei 
and chromidial blocks could not be detected m the fresh specimen Cultures on 
protozoal agar and tap water broth were entirely negative for trophozoites, and 
cysts disappeared completely from the stools and cultures within seven days 

On November 13 vaselmed coverslip prepaiations were made with the fresh 
stool The cyst contents appeared perfectly homogeneous, nuclei and chromidial 
blocks were not seen November 14 the interior of the cysts had become coaisely 

5 Hartmann Handbuch d Path Protozoen (Prowazek), Barth, Leipzig, 
1911, Installment 1 

6 Viereck Studien uber die m den Tropen ewarhene Dysenterie, Beihefts z 
Arch f Schifis- u Tropenhygien, 1907, No 11 

7 Werner Studien uber pathogene Amoben Beihefte z Arch f Tropen- und 
Scluffshvgiene, 1908, xii, part II 

8 Whitmore Arch f Proteitenkunde, 1911, xxin 1, Centralbl f Baktenol, 
Orig , 1911, lvm 234 
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granular. Noiemboi 13 many of the cjsts vcie scon to have four nuclei imbedded 
in finely granular protoplasm November IS ibeic vn c a space between the cW 
capsule and the granular cenlial mass. The latter bad become mulberry -like m 
form and was seen to slowly mo\c on itself m an ameboid fashion 'ihe nuclei 
within tlic mass wore ftom time to time plninh discernible, disappearing as lliov 
rose or fell fiom the optical plane during the ameboid motion (Fig 14) Some 
of the cjsts were filled out completely In the giamilar ma c s Some bad two nuclei 
others iiad four, while some had no miclcai figure'* at all 'J lie protoplasm was 
nlwnss granulai A motile bacillus was seen in the subcapmlar space in sen oral 
apecimens Ihe capsule of some became lnMsiblo aa though of the rame refractive 
index a a the surrounding medium A number of flic ov«fs hod disappeared .at tin ~ 
time foi the numbei wna veiv definitely reduced 

Case 2 — Sr. A April 0 1022 'J he patient wna nn adult male living in the 
city of Panama He wn« culTcrine: from mi attack of entamebic d% "enters and hi- 
aiools contained much bloods mucus and mans entamebae With gentian siolet 
bv the infra uiam method the aubraembrnnoua granules of the nucloua of the 
entamebas stained distmctls and c ome individuate had a faintls *.tnrimig centiiob 
snd others appeared to base a faintls staining karso^ome Rectal injections of 
the infected stool eight hours old into sers small kittens ssrre negative Hetnn- 
to\slm stained preparations shoved the trophozoite to be of the large segelatiso 
tspe m winch the karso=omc sins onls seen in certain liidisidnals and dul not stain 
at ill deoph Drs fixed picparations slimed lis Hastings and Giunrate stuns 
showed the nucleus as containing a fine led oxv chromatin ret ionium not u-mallv 
ananged in the form of a ling 

The patienl ssas placed on tieilmonl hs Ins phssicmn m Panama 'Jins con 
sisted of astringent i octal injection- He has reported to me from time to time 
on each occasion bringing a specimen of bis stool On Mas 20 be returned from 
the rntonoi appearing to be in much bettei plissieil shape and free fiom dv-cn- 
tery A specimen of "tool just passed ssas free from dssenteric elements but con- 
tained mans one tsso and four nucleated tetragena cvHs nil containing blocks of 
chromidia (Fig= 7 11 and 12) 

On June 13 the patient returned ssith a speem en of hard formed stool lie 
stated that he had had no return of ds seniors, but ssas continuing the rectal injec- 
tions The stool contained many lelingena cssts. and portions were placed in n 
moist chamber and in sterile tap ssater, to note developmental changes June 27 
no cysts could be delected in ihe patient’s stool, sshich ssas a solid one Juls 17 
a good many tetragena cssts ssere found in specimens of a formed stool pnssed this 
morning all contained nuclei and cluoimdia 

Summaiy of Findings April 0 the stool contained pus, blood, mucus, and mans 
laige trophozoites, only a fess of the latter revealed a hniyosome when stained bs 
gentian-siolet and iron-hematoxylin In oibei voids, most of the trophozoites 
would be described as ,( E histolytica ” Rectal injections of the stool eight boms 
old into tsvo sery small kittens failed to infect 

May 20, the stool ssas formed and contained no vegetatrse lioplio/oiles, but 
many one-, two-, and four-nucleated cysts of E Icliaqcna In moist-cbambei 
preparations, all the cysts disappeared ssitlnn fise clays Feeding experiments on 
very small kittens svitli cysts fiom tins stool on the day of passing sseic negative 

June 13 the stool svas foimed and contained many tetragena cysts but no 
ti ophozoites In moisl-cliamber preparations the cysts rapidly diminished in num- 
ber s so that very few svere seen at Hie end of twenty -foui hours No cvst 3 could 
be demonstrated at the end of six days in hematoxylin stained preparations anil 
none could be demonstrated in cover slip piepaialions of the six- and tcn-clay-old- 
stool Pieparations of the stool which had been put up with sterile lap water for 
nineteen hours contained some foui -nucleated cj sis (Fig 13) 

About 10 grams of feces that liad been m the moist ehnmbei foi three days 
weie taken up with water and milk and passed into the stomach of two half- 
grown cats, but no infection lesnlled dui mg a penocl of eight weeks 
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EXPLANATION OE FIGURES IN ELITE 

1 The laige trophozoite (Phosphotungstic acid liematoxj lin) endoplasm and 
eiytlnocytes are shown, the centnole and kanosome and penpheial clnomatin 
are conspicuous 

2 Trophozoite with piimaiy division of nucleus into foui nuclei This 
foim is larely seen and is believed to he a sclnzonc, it may become the form «een 
m Fig 3 

3 Foui nucleated trophozoite (scln/ont’) 

4 Tiophozoite gamete {’) seen m Case 3, May 14, appaiently a largei size 
of 5 and 0 

5 Trophozoite gamete (?) of small size seen in Case 3, Mav 11, piobabh 
a largei form of 0 

6 Small tiophozoite gamete (’) ansing fiom icvst 

7 Trophozoite of small geneiation becoming encysted, cential sac of fluid ( ’) 
and blocks of cliromidia aie shown 

Two ti opliozoites (gametes ’) from Case 3 May 14, a numbci of couples 
weie seen together m this way , the nuclei were alwav s of different tv pe« The 
ectoplasm was appaiently sticky foi the oiganisms could not separate, but moved 
aiound and around 

9 Tiophozoite of small generation becoming encysted, the nucleus is v esiculai 
and the clnomidia is seen condensing aiound the pei ipliery of the fluid sac 

10 Trophozoite of the small generation containing clnomidia 

11 Bmucleated cist containing cliromidia One of the nuclei shows diiision 
of its centriole 

12 Quadi mucleated cyst 

13 Quadi mucleated cyst unstained, fiom moist chamber piepaiation, second 
day, the cyst contents aie homogeneous save foi 4 nuclei lepiesented by penpheial 
lefiactile gianules of clnomatin 

14 Mulbeiry mass m a cyst fiom moist cliambei, fifth day, contains foui 
amebulas with gianulai cytoplasm, nuclei and ameboid outline unstained One 
nucleus is not displayed as it w as not m the optical plane 

15 Mononucleated evst containing two blocks of clnomidia, one of the type 
that stains unusually deeply 

16, 17, 18, 19 Mononucleated cjsts fiom moist cliambei piepaiations foity- 
eight hours old, the last tlnee sliowung a fluid sac 

20 23 Bmucleated cysts fiom moist cliambei piepaiations, foi ty eight liouis 
old 

24 Quadunucleated erst 

25 Cyst fiom moist cliambei aftei foui days One of the amebulas 
(gametes ’) lias become sepaiated fiom the lest though it is still enclosed by the 
capsule of the cyst Two of the nuclei stain well, one appaiently has degeneiated 


Note — No 3 was stained with iron hematm aftei fixation with Scliaudmn’s 
fluid, No 1 with phosphotungstic acid hematoxylin aftei Zenker fixation This 
shows the effect of techmc m transfixing and displaying variously the nucleus, 
paiticulaily the karyosome ung 
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Smem piep.ualions of five moist chnmbei specimens continu'd only one r\*-l 
m tluce films, a con«ideinble i eduction of number witbm scienti-fom houi- 
A quantity of the stool tlmt. had been put up foi tluee days with ten lolunie- 
of steiile tap v.ilei was added to diluted milk and p.is-cd into the stomach of 
two kittens but no infection lcmHed m a pound of men eight weeks 

Si\ coieislip piepaiations from the stool tint bad been m contact with tap 
wntei foi three da\s weie quite negatne foi cists appniently n eomplele di*ap 
peaiance of cists when m contact with wntci foi this pound of time 

June 27, no ciMs 1101 tiopho/oite-% weie dctecteu m the stool, which was Will 
foi med 

Juh 17 the foimed stool contained a good mam cists (thice oi foui to the 
high dn field) Aftci twenti-fom honis m the moist chambci, tbeie was an 
appieciabli snullei numbei, and aftci loily -eight horn-, mi few (.I'd" could 1* 
detected 

In this case, the giadual dis.ippeaumee of cists m euliuies i*- seen 
and the lack of infectiou^ne** of the stool for kittens after thice «la\“, 
piobabh due to an iimnnicienn of osl*- Tins ease show s too the pm- 
sistenee of cysts m a patient tieated b\ means of i octal jnjet lions 
w Inch do not icach the uppci poition of the laige bowel nameh, tlm 
eeeuin, wlieie the commonest location of the eniamcbic pince- 1 - i- 
The absence of cists from the stool on one occasion as well ns then 
appeal mice m solid stools is also noted. 

Cisc d — Hospital 111 701 I bad an oppoilumii of examining maOml fiom 
this ca=e lluough tiie kindness of Dis Janus and ( niter '1 lie patient bad been 
tieated foi out unobic di -oaten, and on Jan 11 1‘»12, a specimen of hi- stool 
contained tioplio/oitcs and ci «ls which I identified as ]J tchaqcm (1 ig f>) On 
Apnl 2 the patient bad lctmncd to tlie waul foi tie-itnient and bis stool on this 
dale contained seibala witli bloodi mucus eontau.ing main huge tiopho/oiies 
such as aic usually found m entamebic di sentcii (l'ig 1) ’Ihe tiopbozoiti s weie 
about 30 illusions in diamctci iveic finch gianulai and posc^ed a latbei unusual 
mode of locomotion lliey moicd fiom place to place with a rolling. How mg 
motion latbei moi c continuous than lntenmttenl 9 borne had phagocitcd eiithio 
evtes When stained with liemaloxvhn, they showed a well defined lcniyosoino, but 
no cists noi liopho/oites with clnonndia weie detected 'i he discnlcn disap 
peaied aftci a few dais and on Apnl 11 and 1*2 a few cysts weie seui A solid 
stool on Apnl 12 contained a few tiopho/oitcs which weie mil lcfiactile and weie 
stained mtia viiam by gcnliami lolet 'Jhe stain was taken up slowlv but in- 
tensely, and xeiealcd a tipical tctiagena nucleus with a well defined kaiiosome 

On May 14 the patient’s stool contained enonnous numbers of cysts aiul Miiall- 
siml tiopho/oites 1 bese weie placed m moist chambci s and examined fiom dm 
to day aftei fixation m Schaudinn’s fluid and staining with hematoxylin 

Fref.h Slool of May ] — One is sliuck at once with the nppcaiancc and huge 
numbei s of the small tioplio/oitcs Sixty -the pci cent aie tiopho/oites and 35 pei 
cent aie cysts Jliese tiopho/oites (Fig 4) aie about 21 micions in length bv 
12 micions m bieadtb They liaic conspicuous nuclei, many of them showing 
latbei deeply stained kaiyosomes and the so called cyclical changes in the con" 
tnole The cytoplasm is lacuolatcd, the vacuoles being lluee micions and undci 
m diametei Many liaie engulfed baclena but none had plmgoeyted eritlnociles 
None of these tiopho/oites contained cluonudin, hut they aic associated with 
sphencal oi slightly o\md cysts 12 to 15 micions m diametei, which contain one 

9 Tioplio/oitcs of F icUagcna have two types of motion, an impulsive mtci - 
lmttent one seen in the laige, globulai, lefiactile foi ms, and the fioivnm eontmu- 
ous motion seen m the elongated non-iefiaelile foims 
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01 moie coaise blocks of cliromidia (Fig 7) There is usually a large fluid- ( ?) 
containing sack or vacuole and a conspicuous nucleus Sometimes there are two 
or four nuclei It would appear that these cysts have developed from the tropho- 
zoites with which they are associated Besides these forms there are some smaller 
trophozoites langmg m size from about 4 microns up to full size (Figs 5 and G) 
Some have nuclei exactly like those of the four nucleated cysts and they are 
undoubtedly denved from them A few four-nucleated forms, however, aie seen 
which do not appear to be encysted They are usually elongated and not sphencal 
These aie undoubtedly four-nucleated scluzonts Confirmatory of the opinion that 
this is their nature, I may say that I have seen a few naked four-nucleated forms 
(Fig 3) in the pus fiom an entamebic liver abscess (autopsy 2,760), and these 
four-nucleated forms were associated with a few small amebulas as well as large 
trophozoites In the stool of Case 3 on January 11, I observed a trophozoite, the 
nucleus of which had divided into four small daughter nuclei (Fig 2) , these w ere 
m apposition and occupied the place and area of that of an ordinal y sized nucleus 
of a trophozoite, it was undoubtedly becoming a foui -nucleated sclnzont Fifty 
pei cent of the cysts ate unmucleated 23 5 per cent bmucleated, and 2G 5 per 
cent quadrmucleated 

Moist Chamber Preparation After Tioenty Hours — At this time it is evident 
that many foixns hare disappeared Apparently there has been a reduction of 50 
to 75 per cent m the total number, due chiefly if not entirely to the complete dis- 
appearance of the trophozoites The forms now seen are encysted (Figs 15 to 24) 
and lesemble those cysts seen m the fresh stool, although most of the cliromidia 
has now disappeared A few cysts piesent appearances indicating most positively 
an ameboid movement within the cyst wxill, and the emeigence of amebulas It 
is these small amebulas wdnch are the precursors of the “agamous” trophozoites, 
concerned m entamebic dysentery For infection follows the feeding of cysts 
while it invariably fails when only the trophozoites are fed There is still a num- 
ber of small amebulas (Fig G) to be seen but no gradation of sizes and no full 
sized trophozoites (Fig 4) It is evident that the amebulas perish m the fecal 
mass m moist-chambei prepaiations This is in contrast with the appearance 
noticed m the fresh stool for in the favonng environment of the intestinal tract 
the joung amebulas had mci eased m size 

Moist-Chamber Pi eparation After Forty-Eight Hours — There is a still further 
reduction m the number of cjsts, the evtoplasm of wducli appears to be more 
homogeneous and usually free from the achromatic sac of fluid ( ’) noted pre- 
viously The cysts are round or ovoid Rarely one contains cliromidia A few 
small free amebulas are seen but no full-sized trophozoites 

Moist Chamber Preparation After Tin ee days — A still further reduction m the 
number of cysts Four nucleated forms appear to predominate Otherwise, the 
preparations lesemble those of the day before 

Moist Chamber Preparation After Four Days — The number of cysts appeals 
to be reduced ovei those m yesterday’s preparation It is impossible to estimate 
this accurately, liow r ever, from smears Several cysts to day contain traces of 
eroded cliromidia as though it had been etched off the surface for nututive pur 
poses A number of cysts are somewhat irregular m contour and represent the 
ameboid changes noted on previous days, and m cover-slip pieparations from 
Case 1 Some free amebulas are seen (Fig 25) 

Moist-Chamber Pi epai ation After Six Days — Very few cysts are seen, and con- 
siderable time is lequired to find a sufficient number on which to make observa- 
tions The irregular contour of the cyst contents is even more exaggerated than 
m yesterday’s preparation 

These changes noted m the cysts are analogous to those seen m E coh, and 
differ entirely, of course from those to be seen m fiee Irving forms 

The cysts require a moist medium for their development Drying interferes 
with nuclear division and emergence of amebulas from the cysts This is seen 
from the following experiment About 5 grams of feces fiom Case 3 on May 14, 
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containing mam cjsls and tiopho/oites of tl>c small geneiation, were upload mei 
the surface of a porous plate ■which had been steiilized am thin a petri di^h The 
porous plate absoibcd moistuie fioin the feces and the losuliing film remained 
as dn as the sui 1 oundmg atmosphere Aftei a period of ^eicn weeks the film 
was moistened with sterile tap water and smeais were wet fixed and stained with 
heniatoxi lm llie icsultmg picture was just like that of the fresh stool, excepting 
foi the change due to desiccation llie tiopho/oiles and cists tool: the stain icn 
well, particularly the nuclei and chi omul in, but llici presented a flattened out and 
warped appearance 

The larger poition of the moistened film wn«s fed to two half-grown cats, hut 
no infection resulted, although this would ceiiairli lm\c pro\ol:cd cntamchic 
ententis if the same amount of fresh material lind been used 

This is mteicstmg in comparison mill Schaudinn’s expci uncut in 
winch he claimed to hate induced infection in a cat with dncd inateunl 
containing spores of E histolytica six weeks old 

The developmental changes m the e>sts of E tcbaqcnn can bc c t he 
studied m just such a case as the one described, m winch theie an 
enormous numbei of encj sting foinis, and these fonns appear in c onic 
eases m perfect show r eis. 

It would seem that the laige ‘‘agamous' tiopho/oite- luwniate dining 
the acute stage and 111 actne lenons associated with tissue neciosis 
wheie nutrition is plentiful As a lesult of nnmunit) on the pait of 
the host, or fiom othei causes not as jet known, a 1 eduction m size in 
the tiophozoite oceuis Peail 10 and Calkins 11 hate shown that the 
£ conjugating geneiation of Paiamccunn consists of mdniduals of mea < ~ 
uiably smallei size than those of the usual pond watei Tlieic is also 
a difference m the physical and chemical make-up of the cells by winch 
the protoplasm becomes much more sticky, so that two mdiudunls upon 
meeting fiequently fuse at any point” This is lefened to because of 
the fact that the geneiation immediately preceedmg the cysts is reiy 
much 1 educed m size and m the fiesh stool of Case 3 on May 14, a 
number of trophozoites w r eie seen as though paitly fused togcthei, and 
possibly lepiesented conjugation In all cases of infection by E . 
tetiagena either m the bowel or liver, a few smaller forms 15 to 24 
micions m diameter may be seen, and forms containing chromidia may 
also be detected when specially looked for. I have seen m a fatal 
case large tiophozoites 30 to 40 micions m diametei, deep in the 
submneosa, while m the superficial sloughs of the ulcer only small 
lefiactile forms were seen In the fiesh preparations nuclei could not 
be demonstrated m the smaller forms, and when they weic tieated 
mb a vitam with gentian-violet, they took up the stain with extreme 
slowness compared with the larger more deeply lying trophozoites 
These smaller forms are about 15 microns in diameter and contain 

10 Pearl Biometrical Study of Conjugation m Paramecium Biometnca 
1907, v, No 3 

11 Calkins Protozoology, 1909, Lea and Pebigei, New York and Philadelphia 



12 


THE ARCHIVES OF INTERNAL MEDICINE 


no erythrocytes but seveial blocks of clnomidia Tins small clnomidia- 
contaming generation occupies a stage between the laige tiophozoites 
and the cysts 

The appeaiances m the cysts with icgaid to feitilization bate been 
mteipieted yanously Haitmann 12 and Dofiein 13 bate iigmed and 
described changes winch they mteipiet as autogamy, tt bile "Walker 14 c ees 
only a stiaight foiward nucleai division m the c)sts Elmassian, 15 who 
studied most minutely m a mixed infection of E coh and E tehagena, 
the small geueiation and cysts of E ieiiagena undei the name of E 
mtnuta, lias described appearances wlncli be lias mteipieted as autogann 
In the tery uch collection of cysts fuinisbed by Case 3 on May Tt, I 
have failed to find positive evidences of autogam} such as bate been 
figuied by Haitmann and Elmassian, m spite of the fact that I 
have used phosphotungstic acid hematoxylin, which is piobablt the 
most accurate of hematoxylin stains foi entamebas fixed tilth diluted 
Zenker’s and Elennnmg’s solutions 

In the stool of Case 3 on May II, thcie is one featuie lather difficult 
to explain The tiophozoites (Fig 4) aie 15 to 16 nncions in diameter, 
always detoid of erytlnocytes and usually devoid of clnomidia, diffeimg 
thus from pathogenic tiophozoites (Eig 1) and the common small- 
chromidia-eontaining generation (Fig 10) respectively The tiopho- 
zoites contain bactena, and bate evidently been living a vegetatne 
existence m the lumen of the bowel, but although they contain no 
clnomidia they aie associated with cysts which neaily always contain 
seteial blocks of cliromidia (Figs 11 and 12), and they aie associated 
also with small and half giown tiophozoites (Figs 5 and 6) exactly like 
them m staining characters Is it possible that these trophozoites (Fig 4) 
have developed m the bowel fioni cysts and aie living a parasitic and 
non-patliogenic existence m the intestinal lumen, but which would take 
on an appearance like the pathogenic trophozoite after they had gained 
entrance to the bowel wall? The veiy small foims have ansen from 
cysts or from sclnzonts, most certainly from the fonnei, foi the lattei 
were laiely seen, and these very small foims m turn may develop into 
the tiophozoites just described If this is tiue, the piecuisors of the 
cysts, which we should expect to contain clnomidia, are not piesent m 
this specimen On the otliei hand, if the cysts develop from the non- 
cliiomidia-contammg trophozoites, when does the clnomidia appear on 
the scene? foi the non-chromidia-eontaming tiophozoites disappear 

12 Hartmann (Handbncli d Path Piotozoen (Piowazek), 1911, Barth, Leip- 
zig) more recently would seem to he of the opinion that E tetiagena is analogous 
to E blattai um and does not exhibit autogamy 

13 Doflein, F Lelirb d Piotozoenkunde Ed 3, Fischer, Jena, 1911 

14 Walker Philippine Jour Sc , 1911, an, 259 

15 Elmassian Centialbl f Bacteriol Ong, 1909, In 
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completely m twenty boms, at winch pcnod theie weie mam thiomidin- 
containing cysts Unfoitunateh it is impossible to determine fiom 
these preparations whettiei the tiopho/oitcs all polish 01 whcthci thev 
de\ elop into c\«t*? I am inclined to belieic that thci pencil m the 
moist-chambei , foi the niimbei of cW* s CG n on Id was about 

the n umbei seen on Mat 14. minus the tiopho/oites li will be nnpoi- 
tant m the Mule to note fiom houi to hour the changes m {be small 
generation 

The chromidia of the cists appealed to be used up m the couise 
of nueleai dnision. for its maitrnis u«ualh became eiodcd (Fur 2!). 
ret m some font -nucleated cWs unifoinilv contoured blocks of tluo- 
nndia were seen (Fig 12) 

Counts of the dilieient tipes of ci»{s and tiopho/oiics weie made 
fiom day to dai and fiom dilYeient films, and me hcie tabulated 

t olnts or Tiir Du 1 1 hint Ivins oi \mi 'Jropho/oiti s in s. Diont 

Stool M\y 14 (C’\si 3) 


3 roplio70ites, 13 microns m 
diametei containing Dacilli 
but no l b c ssith pi onn* 
nent kan,o c omo ling, no 
clnomulia 

4S 3 pci cent 
C\«ts 34 0 pci cent 


Half-prow n 
tioplio/oitcs 
n 0 pci cent 


Von small re- 
cent h emeigcd 
trophozoites 
3 n pm cent 


Four nucleated 
‘•clu/onts 
1 0 per cent 


Decent Stool of Mai 14 


l'eicent.ipe of DitTeicnt bonus in Moist Clrunbei 
Piejmintions »\ftei 



Decent 

20 lhs 

2 Das s 



0 Das s 

One nucleated cs <4.s 

1 

SO 

n 

r>o 

31 

34 

33 

Two-nueleated cW« 

24 

K3 

18 

27 

23 

33 

Four-nucleated cs si 1 - 

2(1 

■1 

32 

42 

11 

33 

2s umbei of individuals counted 

07 

Bfl 

4 100 

*102 

*24 

*13 


'Veiy small amebulas weie piesent but could not be counted with unj accmncs 

The stool was a pine cultuie of B Iciiaqcna, as weie stools m 
Cases 1 and 2, and the moist-chambei piepaiations w'ctc kept in stenle 
petit dishes and handled caiefully so as to avoid aenal contamination 
by fiee-livmg fonns Fortunately. Xiee-livmg foims did not detelop 
m any of the piepaiations, though it is not an uncommon evpeuencc 
foi them to appear m cultmes of feces Smears w r eie made and w r et- 
lixed with SchaudmWs hichlond alcohol and stained with hematoxylin 
Good lesults weie obtained with non-alum-hematoxylm and phospo- 
timgstic acid-hematoxylin wntli a final difTeientiation by means of potas- 
sium pei m airgan ate 
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Two half -grown cats weie fed with material fiom the stool of May 14 
that had been in a moist ehambei forty-eight horns Both animals had 
prolapse of the rectum at nearly the same hour, twelve days latei The 
prolapse followed intussusception staitmg fiom an mflanrmatoiy patcli 
m the lowei ileum from which many large trophozoites were obtained 
These trophozoites , although ansmg fiom tetiagena cysts , piesenied 
the nucleai chai actenstics of E histolytica, E tetiagena and E mp- 
ponensis From this experiment, it can be seen that identification of 
species cannot be based on appeaiances noted m the “agamous” tropho- 
zoites, and further, it is seen that the alleged differences between E tet- 
iagena and E histolytica and E nipponensis aie due to unusual ph}sio- 
logical 01 pathological distributions of basiclnomatm within the nucleus 
of E tetiagena 

CONCLUSIONS 

These eases lllustiate the cyst production of E tetiagena, its intei - 
mittency, the absence of cysts during acute symptoms and their presence 
m formed stools long after the subsidence of acute symptoms 

The gradual disappearance of cysts m moist chamber preparations 
with a concomitant loss of infectiousness of the stool, and the loss of 
infectiousness by drying for seven weeks are shown The development 
of amebulas within the cjsts and their emeigence and fate m the 
fecal mass is described 

It would appeal that infection m man is the result of the contami- 
nation of food with a small amount of fecal matter containing a great 
many cysts, during the first day oi two aftei passing 

In one experiment, kittens were fed with a pure culture of tetragena 
cysts forty-eight hours old This caused lesions m the small bowel m 
which laige tiophozoites were found with the nuclear characters of 
E tetiagena, E histolytica and E nipponensis This not only favors 
the opinion held of the identity of E histolytica and E nipponensis with 
E tetiagena, but it shows that specific identification of histolytica and 
nipponensis cannot be made from the large vegetative trophozoites alone 
but the essential features of the life cycle must be seen 

The very great importance of examining the stools of all convalescent 
and recovered cases of entamebic dysentery for cysts, and thus detecting 
“carriers” is made apparent, for it is the cyst that is the infecting agent 
and not the large tiophozoite 
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Fox some years I have been much intei esicd in the condition winch I s * 
now r generall ) 7 known as syphilitic aoititis 01 mesaoi till 55 At hi c i my 
observations weie paiticularlv directed to the pathological lesion itself, 
later the exact etiology of these changes became the subject foi stud) . 
wdnle at piesent it is the diagnosis and tieatment of the disease to which 
most time is devoted Up to the piesent I ha\e had an opportunity at the 
Pennsylvania 1 and Umveisity hospitals m Philadelphia, and at the Pie c - 
bytenan Hospital m New York of studying sixtj-tlnee cases m v, Inch 
syphilitic aoititis was proved to exist at aulop*), 01 m which the diagnosis 
seemed leasonably suie from the combination of certain symptoms and 
signs, w r itli a positive Wasseimann icaction dm mg life Of the cntnc 
numbei, twenty have been treated with sahaisan But except foi the fact 
that the diagnosis and treatment of this disease aie of such importance, 
and that the obsenations have pci haps suggested ccitain lines foi fimhei 
study, it w r ould scarcely be justifiable to offei such a familial subject foi 
serious consideiation 

Since the time of Moigagni, syphilis has been iccognized as a factoi 
m the etiology of aneurysm, as well as of other less well defined cardio- 
vascular diseases, hut it was not until the publication of the anatomical 
studies of Dolile , 2 m 188 S, followed by the woik of Heller and his pupil* 
on syphilitic aortitis that the dneet relationship between the fwo was 
made apparent Dohle’s excellent description and illustiations of the 
pathology of syphilitic aoititis leally leaves little to be added on that 
scoie, while the accounts of the French, and paiticularly Hucliard , 1 
Dieulafoy , 4 Gallavaidm 5 and Pouimer 0 of the symptomatology and diag- 
nosis of “Aoitite sub-aigne” a subject to which they have devoted much 
attention, and to which Geimans and Anglo-Saxons until recently have 
paid comparatively little heed m spite of the ongmal account by Coi- 

* Submitted for publication m the Archives Oct 21, 1912 

1 For an opportunity of studying the cases at the Pennsylvania Ilospital I 
am indebted to Drs Morris J Lewis, J C Wilson, Janies Tyson, J Norman 
Henry, Alfred Stengel, and the late Dr Aithur Y Meigs 

2 Dohle Deutscli Arch f klm Med , 1895, 1\, 190 

3 Huchard TiaitC climque des maladies du coeur et de l’aoite, Pans, 1899 

4 Dieulafoy Clinique medical de THOtel Dieu, Pans, 189G-7, p 71 

5 GalUvardm Precis de maladies du coeur et d l’aorte, Pans, 190S 

6 Fournier Traits de la syphilis, 1899 
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ngaiv and tlie articles of Allbutt, s covei tins aspect of tlie disease in a 
fairly thorough mannei The moie leeent lectuies of Mitchell Biuce, 0 
Schwarz, 10 Breitmann 11 and Goldseheidcr 12 also contain good clinical 
descriptions 

The linpoitant conclusion of Dolilc that syphilis pioduced a cliaiac- 
tenstic type of aortitis bi ought foith some adveise cuticism, but no len 
wide-spiead mteiest, and it was not until the subject was piesented befoie 
the Deutsche Patliologiselie Gesellscbaft m 1903 by Chian, 13 Benda 14 and 
Maichand 15 that arteritis became a common subject foi stud} During 
the following yeais many papeis appeared giving anatomical descnptions 
and statistical records, but as this liteiature is thoiouglily leuewed in 
BalirV 0 papei, and m Hendieimei’s 17 excellent aitiele, it is unnecessaiy 
to do more than refer to these publications Indeed, the moilnd anatomy 
of the pioeess has been made so familial through numerous ongmal con- 
tributions, as well as by descriptions and pictures m recent text-book'! 
such as those of Adami and Aschoff, that it seems scarcely necessaiy to 
give more than the briefest outline of the anatomical changes as I hare 
observed them 

ANATOMICAL CHANGES 

Hie gross appearances of syphilitic aoititis aie m tliemseh es fairly character- 
istic The root of the aoita and the arch are most commonly aflected, hut the 
pioeess may he found anywhere tluougliout the length of the vessel In seieral 
instances I haie seen an extensive, though cncuniscnbed pioeess m tlie abdominal 
aoita The lesion as a mle is quite sharply confined to a certain aiea The 
smallest aieas and probably the earliest which we can lecognize consist of well 
outlined, pale grey, lathei tianslucent elevated, succulent looking patches 0 5 
to 2 oi 3 cm m diametei On section tlie ele\ ated poi tion of the vessel is trans- 
lucent and grey, beneath this and coi responding to the media one sees opaque, 
Yellow streaks and patches lunmng the length of the section, and sometimes 1 to 
2 mm in thickness These occasionally sink beneath the lei el of the knife cut 
The largei and moie advanced aieas foim isolated oi conglomei ate patches 4 to 
10 cm m diameter, oi completeh sunound the circumference of the vessels The 
distal inaigin is usually veiy sliaiply defined, and beyond this line of demai cation, 
which may be found somewhere along the arch, the smooth, delicate aoita stretches 
m wondei fully shaip conti ast to the diseased poition The surface of the larger 
aieas is extremely megular The elevated patches mentioned above alternate, or 
aie liiegulaily intermingled with yellowish, scarred, pitted and sealed areas, or 
with greyish patches that look like thin, cnnkled silk When the pioeess is 

7 Corrigan Edinburgh Med Jour , 1S32, xxxmi, No 111,225 

S Allbutt Allbutt’s Syst Med 

0 Biuce, Mitchell Lancet, London, 1911, n, 09, 141, 205 

10 Schwaiz Centralbl f die ges Theiap, 1911, x-xix 225 

11 Breitmann Berl klm Wclinschr , 1911 xhm, 1763 

12 Goldscheidei Med Klm, 1912, rm, 471 

13 Chian Verliandl d Deutsch path Gesellscli , 1903, p 137 

14 Benda Yeihandl d Deutscli path Gesellscli, 1903, p 164 

15 Maichand Yeihandl d Deutsch path Gesellscli , 1903, p 197 

16 Falir Virchows Aicli f path Anat 1904, clxxvn, 50S 

17 Hei xlieimer Lubaich Otertag Ergebn d allg Path u Path Anat, 1907, 
xi 195 
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extensive the -wall at points is thinned 01 thoie mav be tmv aneurysmal hulgings 
no higgei tlian n pea When the process is vvidpspicnd and npparcnth of long 
standing, theie is an nicgulai. 01 diffuse dilatation of the vessel line sncculm 
aneui y sms aie common Not inficquenth the changes me marked about the 
months of the blanches of the aieh Occasionally this causes distinct nan owing 
of the innominate 01 left caiotid Except in the veiy oldest cases one ne\er sees 
atheiomatous patches containing cholesterm eiysials 01 calcifiention When 
these changes oecm tliev me associated with a ivpienl endmleritis defoimans 
1 mining thioughout the length of the noila When the piocess advances to the 
aoitic ling, as it often does, the mouths of the eoion.m ailenes mav he pm tlv 
occluded, oi even 1 educed to a pin hole point, though the lesion lmoh extends fm 
into the coionmv mtenes themselves With the involvement of the sinuses of 
Vahalva, and the aoitic ling tlieic mav he pouching of one and distention of the 
otliei so that the cncumfeiencc of the ling instead of being .1 to 7 cm mav leacfi 
0 to 11 om 1 he aoitic flaps likewise become involved and show a cm ions thick- 
ened and wnnkled appeal mice which causes moie oi less letraction and ineom- 
petence though in ceilain cases of tvpical aortic msuffieiencv the valves me 
smprisinglv laige and pliable while the aoitic ring is widely dilated To tins 
Comgan lnmself called attention Even below the flaps on the endoemdimn in 
some instances thoie aie ciescentic lines of gievish thickening 

Micioseopicallv tlie eailiesl lesions which mav he detmitelv locogmzod show 
that all lluee of the main coats of the noita aie involved ’J he adventitia shows 
small accumulations of small lound cells about the v \sa vasoimn, and the ultima 
of both aitenes and veins mav he thickened Minute blood-vessels extend into 
the media and me sun ounded along then oomses bv accumulations of plasma 
cells small lound cells and epithelioid cells Slight bleaks in the elastic tissue 
aie observed in Weigeit’s stain r lbe cells of the mtima me piolifeiated and 
heaped up to fonn a piojection fiom the mnei suifnee of the vessel 

In the more extensive lesions the pcnvnsculai iniiltiatioii of the adventitia 
is veiv pionounced 'J he media piescnts vciv chmactci isiic areas of coagulation 
neciosis suiiomidcd and paitlv infiltrated with plasma cells and small lound cells 
Giant cells mav be encountciod Tliov sometime-, contain fiagments of clastic 
tissue The elastic tissue in special stains is seen to he dcstioycd, torn and fiag- 
menled, and is usuallv cntnely absent in the centci of such a patch I ho cellulai 
piolifeiation of the intima is maikod These aicas of neciosis oi mil mi v gmn- 
mata may he of considciahle si/e, and in two specimens which I have studied 
they involved not only the media, but laige aicis m the adventitia, and even the 
adjacent lieait wall, foiming tine gummata winch vveie leadily visible macio- 
scopically Tlieie is fiequontlv a sacculated dilatation of the mteiml wall which 
mav vaiy fiom a depiession s C aicclv peieeptible to a vvcll-foimed nneuijsni of 
small size 

The thud chaiactenstic pictuie appeals to lcpiescnt a Intel stage of the 
piocess, and shows a scaned, distoited vessel wall, almost uniecogm/able as such, 
with peiliaps complete destiuction of all tlnce coats of the aiteiy Small foci of 
neciosis suri ounded by connective tissue, pmtly vasculaured and mfiltiated with 
vaiymg munbeis of plasma cells and small lound cells take the place of the media, 
and extend in mmked instances both to adventitia and media, while m nppiopiiate 
stains the cui led fiagments of elastic tissue ma^ be seen heie and theie tlnoughout 
the lesion 

In ccilam cases we have found but one of thc,e thiee types oi stages of the 
piocess, but as a iule two oi all of them aie seen in difleienl poitions of the 
vessel walls 

Extending fiom the loot of the aoita the piocess fi equontly involves the 
valves of the aoitic orifice and the aoitic nng itself The changes in ihe valves 
m such cases consist m localized and diffuse initiations of small lound cells and 
plasma cells 



18 


THE ARCHIVES OF INTERNAL MEDICINE 


RELATION OF SYPHILIS TO AORTITIS 

That such lesions aie m themselves chaiactenstic, and ma> leadily 
be recognized, is granted by most obseners, but that they are always and 
exclusively due to syphilis is questioned still by many Evidence is accu- 
mulating, however, to show that syphilis is ceitamly the commonest, if 
not the exclusive cause The statistical studies of Marchand. Benda, 
Herxheimer and Fahr, have been mentioned, and tbe subject has been 
collectively leviewed recently by Eich 18 Theie is general agieement as to 
the fiequency ot a histoij 7 , 01 othei evidence of syphilis m cases showing 
this type of aortitis 

More direct evidence was biought forward by Reuter 10 in 1906 vho 
described spnochetes m the walls of an aoita aflected by this gummatous 
process His observation has been confirmed by Schmoil, 20 Benda 21 and 
by Wright, 22 who vas able to demonstrate spirochetes, often m enormous 
numbers, m all of five cases of mesaoititis Fiom the results of some 
studies which I have made, and which Di Jean V Cooke undeitook at 
the Pennsylvania Hospital, the presence of spnochetes m these lesions, 
as might be expected, cannot by any means be constantly demonstiated 
with Levaditi stains Portions of the aoita from seven cases of typical 
syphilitic aortitis, all of which during life had given a positive Wassei- 
mann reaction, were stained by the Levaditi method and searched caie- 
fully In three of these, spiral organisms weie found m model ate 
numbers, sparsely scattered through the thickened mtima and underlying 
portions of the diseased vessel Avail That these organisms are Tieponema 
pallidum seems almost certain, though actual proof of such by culture 
from the arterial lesions, a most difficult task, or direct inoculation into 
animals, has not as yet been accomplished 

Vanzetti, 23 on the othei hand, has claimed to pioduce an aitenal 
lesion m rabbits which simulated syphilitic aortitis in man by the inocu- 
lation of bits of syphilitic rabbits’ testicles into the sheath of the carotid 
artery In from twenty to forty-one days the syphiloma develops about 
the wall of tbe A 7 essels Spirochetes aie found only m the adventitia at 
the seat of inoculation Though his pictures and descriptions do not 
convince one that the expenmental lesion corresponds precisely ivith the 
aortic lesion m man, yet Ins observation that the first alteration m the 
vessel wall after perivascular inoculation is a proliferation of mtima cells, 
is of much interest m connection with the histogenesis of the disease m 

IS Eieli Frankfurter Ztsclir f Pathol, 1911, vn, 373 

19 Beuter Munchen med Wchnsclir , 1906, lm, 10, 77S, Ztsclir f Hjg u 
Infektionskr , 1906, liv, 49 

20 Schmorl Munchen med Wchnschr , 1907, liv, 188 

21 Benda Berl klm Wchnschr , 1906, xlm, 989 

22 Wright Boston Med and Surg Jour , 1909, clx, 539 

23 Vanzetti Tr First In ternat Cong Path , Touno, Octobei, 1911, p 171 
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the human aitexy, wheie the lesions m the media aie usually attended by 
a pioliferation of the cells of the ultima 

It icmams to be seen, howevei, whethei any oilier infectious agent 
may produce the same lesion Kioto 24 has desenbed alterations m the 
aorta m cases of iheumatic fe\er m childien "which beai some likeness to 
those ascubed to syphilis. In any such studies it is of the utmost impoi- 
tance to exclude the possibility of congenital syphilis, foi, as Kioto 24 
himself has shown, lesions piactically the same as sy plulitic aoitiiis in 
the acquued disease may be found m infants the subject of congenital 
syphilis Wiesner 215 and Each and Wiesnei 20 have paid considerable 
attention to this subject, and ha\e found changes m 59 per cent of the 
syphilitic fetuses examined These obscnations have been confnined by 
Brulins 27 and lecently by Bebaudi, 2S vv ho, m five case 5 , was able to demon- 
strate spirochetes scatteied through the aoitic lesion Each and Wiesnei 
state that spnochetes weie not once found in any of seien case 5 These 
observations afford, besides, stiong suppoit to the idea that the disease m 
adults is due to syphilis 

To the above endence of the syphilitic natme of tins process must be 
added the valuable lesults obtained fiom the use of the Wa^sermann 
reaction Eich, who pel haps has had the hugest series of cases conti oiled 
by autopsies, obtained a positive Wasseimann leaction m 81 8 per cent 
of forty-four cases that showed characteristic syphilitic aoititis at 
autopsy His technic may be cnticised, howevei since m a numbei of 
instances he employed post-moitem blood Peaice 2 * 1 collected seventy 
cases ot me^aoititis fiom the liteiatuie, m 78 5 per cent of which the 
Wasseimann leaction was positive 

A question of extreme importance is to determine the time at which 
the aoita becomes infected It is known that syphilis during the late 
primary stage becomes a general septicemia, and m ceitam cases during 
this period it is possible to demonstrate spirochetes m the circulating 
blood (Frulrwald, 30 TJlilenhuth and Mulzer 31 ) Following this geneial 
invasion of the body the spnochetes lodge m different oigans and tissues 
spreading by way of the lymphatics, and it is highly probable that the 
infection of such oigans as the aorta, the nervous system and the livei 
takes place at this penod Foi some reason, as yet unexplained, the loot 
of the aorta and ascending arch seem to be one of the sites of predilection 
for the oiganism Whethei or not theie are changes m or about the aoita 

24 Klotz Jour Pathol and Bacteriol , 1907, xn, 11 

25 Wiesner Centralbl f Path u path Anat, 1905, xvi, 822 

26 Each and Wiesner Wien 1dm Wclmsclir , 1907, xx, 521 

27 Brulms Deutsch med Wchnschr , 1906, No 19 

28 Eebaudx Monatsclir f Gebuitsh u Gynak , 1912, xxxv, G81 

29 Pearce Tiif Archives Int Med , 1910, vi, 478 

30 Fruhwald Wien klm Wchnschr , 1912, xxv, 584 

31 TJlilenhuth and Mulzei Berl klm Wchnschr , 1912, xlix, 152 
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dui mg the secondaiy stage is a question winch at picsent must be left 
undecided;, hut it is quite eeitam that the lesults of the invasion of the 
aorta may become manifest soon attci the pumaiy infection Indeed, m 
the secondaiy stage of syphilis tbeie may he eeitam symptoms and signs 
lefeiable to the cardiovascular system Fouimei mentions palpitation 
arhythmia and taehycaidia, but as they oceui chiefly m women he ascribes 
them to functional disoideis of the ncnous system Gia^smann, 12 m his 
study of the cardiovasculai system of 288 cases of secondaiy syphilis 
states that m 85 per cent there weie distui bailees m the late 01 llijthm 
of the pulse, while m 40 pei cent accidental caidiae muimuis usual! v 
with dilatation of the heart occuired Though syphilitic aoititis with its 
complications — aoitie insufficiency, aneuiysm, dilatation of the aicli and 
angina pectons — aie usually lefened to as late oi even paiasyplnlitic and 
meta syphilitic affections, there aie instances on lecord m which these 
conditions have appeared shoitly aftei miection Ilailow Biooks 33 men- 
tions one case m which the peifoiation of an aneurysm took place befoie 
the secondaiy lash had fullv appealed, and auothei m which a senous 
aoitie lesion, sufficient to cause death, developed within six months of 
infection Liek, 34 too, desenbes a most mtei estmg example m a young 
man 26 years of age, who del eloped within se\en months after contract- 
ing a chancre, dilatation of the aoita visible by i-ray Tbeie w r eie mild 
angmoid symptoms Two of my patients died fiom the effects of syph- 
ilitic aortitis foui yeais after the development of a clianci e, and such 
instances are not excessnely raie It seems possible, tlieiefoie, that even 
when the effects of the infection do not make themslves appaient for 
many years, the actual invasion of the aoita may take place dunng the 
secondaiy stage 

CHIEF SIGNS AND SYMPTOMS 

Early m the disease, no doubt the involvement of a small poition of 
the aorta may be of slight immediate significance, but with the extension 
of the process, theie result foui grave conditions — diffuse dilatation of 
the arch, aneurysm, aortic insufficiency and angma pectons I have been 
particularly mteiested m the association of aortic insufficiency with 
syphilitic aortitis In a study of 76 cases of clnonic endocarditis that 
came to autopsy at the Pennsylvania Hospital, 35 43 cases gave symptoms 
and signs during life of aoitie insufficiency In about half, oi 21 of these, 
the mitral valve as well as the aoitie valve was diseased, and showed 
reti action or stenosis while the individuals weie pnncipally children 
with a histoiy of rheumatic fever In none of these was syphilitic aoititis 

32 Grassmann Deutseli Aieli f khn Med, 1900, Ixvm, 455, 1901, lxvix, 
5S and 264 

33 Brooks, Harlow Med Bee , New York, 1912, l\xxi, 351 

34 Liek Fortselir a d Geb d Bontgenstralile, 1911, \an 23 

35 Longcope Join Am Med Assn , 1910, hv, US 
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present In the lemaming 22 cases, all of which phoned lmohement of 
the aoitic valves alone, 18, oi 81 5 per cent, weie associated with syph- 
ilitic aoititis. 

With the advent of the Wassennann icaciion a valuable method was 
obtained foi the study of these cases of caidio\a«culai disease, and the 
astonishing fiequency with which syphilis appealed as an etiological 
factor soon became appaient Cition,™ m 190S, hist lepoited that of 1G 
cases of aortic insufficiency, G2 G per cent gave a positive Wa^seimann 
leaction In the next veai oi so came the lcpoils of Damelopolu, 
Schutze," s Collins and Sachs," 0 Clough, 40 Laubiv and Parvu, 41 Deneke, 4 - 
Donatli, 43 Oigaaid, 44 Bmchnei and CaWo 1 ' and Krefting, 40 giving in 
all, 182 cases of aoitic insufficiency, m 133 of which, oi mill per cent , 
the Wassennann leaction was positive Peaice m 1910, collected the 
statistics of 57 cases of aneuiysm, 38 of which gave positive icactions, 70 
cases of mesaoititis, 57 of which gave positive lead ions, and 211 cases of 
geneial aitenal sclerosis. 29 of which gave positive icactions Dm mg 
the 3’eais 1909 and 1910, I 17 made Wasceimann tests, using the ongmal 
Wassennann technic, on 12 cases of ancuiysm, 11 of which gave positive 
reactions, and on 47 cases of aoitic insufficiency, 35 of which, oi 74 1 
pei cent, gave positive reactions Of the positive cases, 7 came to 
autopsy, and all showed typical mesaoititis with involvement of the aoitic 
ling, or of the wall above In the wall of the aoita of three patients 
spirochetes weie found The 10 cases of aoitic liisufficiencv which gave 
negative leactions weie, save one, combined with disease of the initial 
valve An autopsy m this one case of pine aoitic insufficiency giving a 
negative Wassennann leaction showed no evidence of syphilitic aoititis 
Autopsy on the one case of aneuijsm which gave a negative Wassennann 
reaction showed a definite but old scaned syphilitic aoititis 

Two of the cases of aoitic msufficienc} r , which gave positive Wassei- 
mann reactions, were associated with mitial stenosis One of these came 
to autopsy, and showed typical syphilitic aoititis involving the aoitic 
leaflets Spnochetes weie picsenl m fan numbcis m the wall of the 
aorta Theie was maiked niegular thickening and fusing of the mitral 
leaflets A nodular, fibrous ma«s was found on the postenor leaflet The 

36 Citron Beil khn Wchnschi , 1008. \i, 2142 

37 Damelopolu Compt rend Soc de lno] , 1008, Kiv, 971 

38 Scliut7e Deutseli Ztscln f Clin , 1908, \c\, 13 

30 Collins and Sachs Am Jour Med Sc , 1909, cxxxvin, 344 

40 Clough Bull Johns Hopkins Hosp , 1910, x\i, 70 

41 Laubry and Paivu Compt lend Soc de bid , 1900, Kvi, 750, Kvn, 48 

42 Deneke Deutsch med yVchnschi , 1909, wvv, 2148 

43 Donatli Beil khn Wchnschi , 1909, xlvi, 2015 

44 Oigaaid Aich de mal de coeui , 1010, m, 478 

45 Bruclmor and Galesco Compt lent Soc de bio] , 1910, lxvm, 74 

46 Krefting Deutsch Med Wchnschi , 1910, xxxvi, 03 

47 Longcope Bull Ayei Clin Lab , 1910, No 6, p 60 
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choida tendmeae weie thick and looked as though scaned Spnoclietes 
could not he found in the mitral lesion Whether the mitral stenosis was 
a lesult of the syphilitic piocess, or caused by some acute infection, such 
as rheumatic fever, of which tlieie was no lnstoiy, could not be deter- 
mined, but it is evident that mitral stenosis may exist with syphilitic 
aortitis 

To control the above observations Wasseimann reactions were pel- 
formed on fifty cases, including vanous types of mitial disease, cardiac 
hypertrophy secondary to nephutis, and geneial arterial sclerosis In 
the entire series only three positive Wassermann leactions were encoun- 
tered, two m cases of cluonic nephritis with aitenoscleiosis, and one m 
a case of mitral stenosis and insufficiency This proportion is at least 
what one might expect m an} r material collected among adults m a large 
geneial hospital 

Since the completion of these studies still othei confirmatory reports 
have been made by Grau, 48 Orkm, 40 Ledeimann, 50 Bie, 51 Fiessmger. 52 
Jacobeus, 53 Comesatti, 54 Hutz and Braun, 55 Wemtraud, cc Cummei and 
Dexter, 57 Goldscheider 58 and others The peicentage of positive Wasser- 
mann leactions are vanously given foi general cardiovascular diseases 
from 25 per cent to 68 per cent , foi aortic insufficiency from 75 per 
cent to 100 per cent , for aneurysm from 85 to 95 pel cent, and for 
aoitic diseases m general, including aneuiysm, diffuse dilatation and 
angina pectoris, from 75 to 88 per cent 

Wolfsohn 59 has lecently found that positive leactions to Hogucln’s 
luetm m cardiac disease are even more frequent than the Wassermann 
leaction In 12 cases, including 6 of aortic insufficiency, 4- of aneurysm, 
and 2 of myocarditis, 11, or 91 per cent, leacted to luetm The one 
negative leaction occurred m a case of myocarditis The Wassermann 
leaction was positive m but 58 3 pei cent 

Even from these rathei small statistics, confirming as they do the 
anatomical studies, it may be seen how extremely common syphilitic 
aortitis and its complications aTe, and what a large proportion of serious 
diseases of the cardiovascular system m adults may be dependent on this 

48 Grau Ztsclir f klm Med , 1911, lxvu, 292 

49 Oikm Berl klm Wclmsclir , 1912, xlix, 1177 

50 Ledermann Deutscli Med Wclmsclir , 1912, xxxvm, 1038 

51 Bie Ugesk f Laeger, 1911, lvxiii, No 11, Abstr m Jour Am Med Assn, 
1911, 1m, 1158 

52 Fiessmger Bull de l’Acad de m4d , 1911, series 3, lxvi, 135 

53 Jacobeus Deutsck Arcli f klm Med, 1911 cn, 44 

54 Comesatti Riv cril di elm med , 1911, xii 561 and 581 

55 Jlirtz and Biaun Bull et m€m Soc d hOp 1911, series 3, xx\i 363 

56 Wemtraud Tlieiap d Gegenw, 1911, In, 442 

57 Cummer and Dexter Jour Am Med Assn 1912, lix, 419 

58 GoldscLeider Med Klm , 1912, van, 471 

59 Wolfsolm Bull Johns Hopkins Hosp , 1912, van, 223 
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disease It is evident that most aneurysms of the aicli of the aoiia, the 
majority of cases of aoitic insufficiency m adults, uncomplicated by 
mitral disease, many cases of angina peel 01 is, paiticularly m individuals 
under 50 yeais of age, and a laige propoition of cases of dilatation of the 
aoita aie only incidents m the development and piogiess of syphilitic 
aortitis, and unfortunately in many instances aie the first signs that 
attiact 0111 attention to the disease But it is most impoitant that we 
should not lose sight of the mam and undeilymg process, and senous as 
the complications are, our attention should be directed io a study of the 
diseased aoita rathei than to the late manifestations 

CLINICAL PIOTOim 

The clinical pictuie, it is true, is made up principally of the symptoms 
and signs which accompany these end results, but there aie certain 
featuies common to all ty^pes of the disease the explanation for winch is 
somewhat difficult to give, but which may i epay further study To many 
clinicians the disease has been familiar for years Aside fiom the well- 
known descriptions given by Hurhard, Dieulafoy, Gallavardm, Fournier 
and Allbutt j-, the symptomatology and diagnosis have recently been dis- 
cussed by Mitchell Bruce and Osier 00 m their Lumleian Lectui es, and by 
Bieitmann, Schwarz, Goldscheider, Biulms, 01 Oigaaid, 02 Giau, Fiessingei, 
Oikrn and Cummers and Dextei 

The 63 cases on which this sludv is based, include 43 cases of aoitic 
insufficiency, 4 of which were combined with aneurysm, 8 cases of 
aneuiysm alone, and 12 cases of aortitis associated with dilatation of 
the arch, myocarditis, angina pectons, or a combination of these condi- 
tions The diagnosis was made oi confirmed at autopsy in 29 cases , m 
10 of these the Wasseimann leaction was peifoimed during life and 
found positive In the lemammg 34 cases the Wassermann was positive 
For the Wassermann reactions in 13 cases which were studied at the 
Presbyterian Hospital, I am indebted to Dr Albert Lamb. In ma kin g 
these tests the Noguchi modification was used In all the othei cases I 
employed the original Wassermann technic 

AGE INCIDENCE 

Most authors have mentioned the fact that these cardiovascular 
changes due to syphilis are met with m comparatively young people In 
Bie’s statistics the average age at which the symptoms of syphilitic 
aoititis developed was 42, for aneurysm 50, and for myocardial disease 
52 Mitchell Biuce, m a study of 70 odd cases gives the average age at 

T Allbutt Lancet, 1903, n, 139, Bnt Med Jour, 1906, i, 5 

60 Osier Lancet, London, Maxell 12 and 26 and Apnl 9, 1910 

61 Bruhns Berl klm Wclmschr , 1906, xlm, 613 

02 Oigaaid Ztschr f klm Med, 1911, Lwin, 440 
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which the fiist manifestations occunecl as 49 Of Cumnieis and Dextei s 
27 patients, 85 pei cent weie between the ages of 35 and 55 jeais In 
my own senes, the majonty of the patients weie young, as may be seen 
m the following table 


Age 

Cases 

Per cent 

Age 

Cases 

Pei cent 

20 30 

19 

30 1 

20 40 

32 

50 7 

31-40 

13 

20 G 

20 50 

51 

80 9 

41-50 

19 

30 1 




51-GO 

7 

11 1 




01 

5 

79 





G3 






Ovei one-half of these patients weie le®s than JO ^eais of age, and 
80 9 per cent undei 50 Almost a thud of the patients weie undei 30 
years of age The youngest patient was a coloied woman of 22 At 
autopsy there was extensive syphilitic aoititis Tlieie weie tlnee othci 
patients undei 25, all of which came to autopsy and showed extensile 
syphilitic aoititis The oldest patient was 6S As a lule, the aneui mis 
occuned m the oldei subjects Except foi one case m which a small 
aneurysm w r as found at autopsy in a w r oman of 26, mo®t of the mdiud- 
uals, 10 out of 13, w'eie oiei 40, and 6 w r eie oiei 50 

Of the 63 cases, 51 w r eie men, 25, or about half, weie negioe® Of 
the 12 w r omen, 10 weie negiocs 

It has been geneially assumed that the symptom? of syphilitic aoititis 
develop as a late event m the disease In Biuce’s statistics the aieiage 
latent period between the time of infection and the onset of symptom® 
w r as 25 yeais, m Cummei and Dexter’s lepoit 17 2 veais Biuce gnes 
the minimum period as 5 yeais, tbe maximum as 51 Bie points out that 
symptoms m these cases make then appearance about 15 veais latei than 
they do in iheumatic fevei Owing to the difficulty m obtaining an 
accurate lnstoiy I could deteimmc such data m but 23 cases Bough h , 
the average latent period w r as LG 4 yeais, reiy neaily that gnen by 
Cummei and Dextei The ®hoitest period w r as 3 year®, and there w r eie 
4 other cases under 5 yeais The longest latent penod w r as 35 yeais 
Bearing on this question of latency is an intei estmg lcport by Biei- 
mann 03 Beferenee has aheady been made to the changes found m the 
aoita of congenital syphilitics, and Bieimann has lecently descubed a 
case of congenital syphilis m a girl of 19, who showed dilatation of the 
aorta with fevei He considers tins as an instance of congenital syphilitic 
aortitis Wentwoith, 04 too, has lecently repoited a senes of TVasseimann 
tests m children among which were five cases of congenital heart disease, 
two of which gave positne leaction® It is evident that there may be 


03 Bieimann Deulsch med Wclinscln , 1911 wwii, 1157 

04 Wentworth Am Jour Dis Child, 1912, m, 303 
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syphilitic disease of the aoita which remains latent and gnes no **\ nip- 
toms 0YC1 long penods of time 

It is impossible to determine whclhci a in second my factors acted as 
piedisposmg canoes in the development of the aoitiii* Many of the men 
were liaid woikmg A history of alcohol, 01 abuse oh tobacco, was not 
paiticulaily sinking One patient had tabes doisalis The frequent 
association of tabes and aoitic disease i c well known, and the question 
has been thoroughly diseased by ITeit/ n ' 

SYMPTOMS 

The symptoms which hare attiactcd the attention of c\eiy one who 
has wntten on the subject me pain, dyspnea, often on slight exeition. 
palpitation and tachvcaidia Pam was a piomment symptom m 60 pei 
cent of Biuee’s ca^e* In one-half it was piccoidml, in the other half 
anginal m chaiaetei. Dvspnca occuncd m 60 per cent . palpitation in 
67 5 pei cent In my senes pain of one soil oi another, excluding the 
continuous ceivieobi actual neuialgic pains of aneurysm, occurred m 12 
eases, oi 66 6 per cent , dyspnea m 40, oi 77 7 pci cent. Palpitation and 
tachycaidia w'eie less fiequent 

Pam is an mteiestmg symptom not only because it is <.o characteristic 
of this tyqie of eaidioiasculai disease, but on account of its iclationship 
to the state of angina pectons, the tme natnie of winch is still so impel - 
fectly understood It is fiequent ly the hist symptom (29 cases), and 
alone oi m combination with dyspnea of \ m ions types may he the onl\ 
symptom for long penods (9 cases) Oslei fi,! has called attention to the 
angmoid pam wdncli mav precede the appeal ancc of an aneniysm The 
ceivieobi aclnal ncuialgia, so common m aneniysm, T have not included 
m tins descnption The pam is of vanous kinds In the majority of 
cases the patient complains cithei of a constant oi mtemnttcnt dull pam 
beneath the sternum Sometimes it is descnbcd as a painful constnction 
or oppiession, sometimes as a “gnpping sensation that comes up fiom the 
stomach, and catches at the heait oi tin oat ” Mild at fust, these dis- 
agieeablc sensations usually mciease m seventy, and mtennittent attacks 
become moie fiequent Tn a majonty of cases the pains are made ivoisc 
by exeicise Beginning with mild attacks the patient may one day have 
a typical paiovysm of angma pectons accompanied by fear of impending 
death, and with xadiation of pam to the neck, left shoulder, oi down the 
left aim Eaiely the disease staits with seveic, typical angma pectons 
Characteristic attacks of angma pectoris occurred m eight of my patients, 
five of whom had aortic insufficiency Two patients diopped dead 


Ga Heit/ Les weifs du coeui cl\e/ les tabGtiques, Pans, 1003 
G6 Oslei Med CInon , May’’, 190G 
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Although the attacks of angina may be fiee fiom any disturbances m 
i espiration, veiy frequently they are closely associated with distinct 
changes Occasionally the patient stops breathing m full inspiration, 
more often there is dyspnea of moderate grade, 01 attacks of paroxysmal 
dyspnea, to be described later, accompany the pam so that it is sometimes 
difficult to distinguish the two Dyspnea is fiequently associated with 
the milder substernal pam In the attacks of angina which are free from 
dyspnea there may be a sharp use m blood-pressuie, m one case fiom 
110 systolic to 170 systolic 

The dyspnea itself is a symptom of the gieatest interest, and m one 
of its forms seems to be highly characteristic of the disease In the 
majority of cases there is early dyspnea on slight exertion In thirty-one 
cases, or about half, it was one of the first, if not the first symptom In 
some cases this slight shortness of breath gradually becomes woise, espe- 
cially when aortic insufficiency supervenes, until the patient finally shows 
the constant respiratory difficulty common m bioken caidiac compensa- 
tion In a second group of cases the dyspnea assumes another and moie 
interesting, though most distressing form In this group it is parox- 
ysmal m nature, coming on m attacks of five to fifteen minutes’ duration 
Such attacks were present m nine of my patients, all of whom had aortic 
regurgitation These paroxysms may be absolutely the first symptom 
(seven cases) They vary greatly in number, from two to three during 
the entire course of the disease, to four or five a day over periods of 
months In two cases they occurred daily foi almost a year Though 
this phenomenon is most common when aortic insufficiency is present, it 
is seen m cases m which signs of caidiac decompensation do not develop 
for months, and m one case which is now under observation there have 
never been signs of decompensation, unless, indeed, these attacks are 
considered as such Sometimes the attack is brought on only by exertion 
but in the majority of cases the paroxysm is absolutely independent of 
exercise, and not infrequently strikes the patient like a thunderbolt, often 
while he is asleep at night Between attacks he is usually able to perform 
his daily duties I have observed a number of such attacks m different 
individuals, and the following notes made at the bedside will give some 
idea of their nature 

“Suddenly during rounds at 10 40 a m the patient showed signs of great 
distress He sat up m bed, and gave a sharp agonized cry for help Going imme- 
diately to the bedside he was found sitting up, leaning forward with a pained, 
anxious expression, and showing the most marked dyspnea He implored us to 
relieve lum of his distress, but talked quite intelligently throughout the attack, 
and said there was no actual pam, but terrific difficulty m getting his breath 
The supiaclavicular spaces were retracted during inspiration, the chest moved 
scarcely at all, while the respiratory excursions of the abdomen were extreme 
Respiration vas rapid, and though inspiration seemed difficult, expiration was 
accomplished with the greatest effort and exertion, and was comparatively much 
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pioloiined The pulse was 12S The chest, was livpei resonant, and on auscultation 
were lieaid diffusely scattered sibilant and occasional crackling rftles. About the 
height of the attack the patient began to sw eat about the head and face At this 
tune too, he began to cough, and expectoiated a small quantity of thick blood- 
stained mucus At 10 45 amyl mtute was applied, at 10 53 1/100 gr nitroglycerin 
liypodei maticallv Dining the coughing spell he asked to hang Ins legs over 
the side of the bed He did so, and at 11 05 the feeling of distress disappeared 
lapidly. The lespnalions continued, however, to be rapid, and at 11 20, fifteen 
minutes latei, w r eie 35, pulse 108 During the attack the blood-pressure rose from 
200 S, 70 diastolic to 247 S, 70 diastolic, to fall m cle\en minutes to 178 S, 
60 diastolic At the end of the attack the r.llcs had disappeared oiei the chest” 

Such is the character of these paroxysms, slioit, lasting often from 
ten to fifteen minutes, but leaving the patient exhausted for an hour or 
two afterwards, agonizing, terrifying both to the patient and to the 
individual who sees him, usually accompanied by an increased pulse- 
late, and a rise m blood-piessuie that falls lapidly at the subsidence of 
the attack 

In the attack just desenhed there w r as no pain, hut m some cases 
there is pam, often excruciating, stalling m the substernal region and 
ladiatmg to the neck, left shouldei and down the left arm. In one case 
the pam radiated down the light arm In the severest cases there is 
usually a cry for help at the stait Some patients lemarn almost immo- 
bile dunng the paroxyms, otheis wa\e their hands and arms about 
frantically Theie is nevei an attempt to get out of bed or rush to the 
window Often theie is the fear of impending death. JSTiti oglycerm 
has seemed to bring relief 

In the instances that I have watched the dyspnea was distinctly expi- 
latory The patient could not empty Ins lungs During the attacks the 
chest became emphysematous, and auscultation revealed piping and 
occasional crackling rales There was sweating and cyanosis The attack 
ended with the expectoration of a little bloody mucus The agony during 
some of these attacks is teirific One patient m whom the dyspnea was 
associated with angina cut his throat In two cases the attack itself was 
fatal. 

The condition is very well known Osier describes it most accuiately, 
and speaks of the condition as one nearly allied to angina — angina of 
pulmonaiy type Oigaard refeis to it as Luft-Hungei , to the Diench it 
has long been familiar and Hucliaid terms it paroxysmal dyspnea; by 
the older authors it is referred to as cardiac asthma, and by some it has 
piobably been considered as acute pulmonary edema Breitmann calls 
particular attention to its significance m these eases Though Huchard 
as well as many others would definitely exclude these cases from the eate- 
goiy of angina pectons, it is certainly difficult to say iu some instances 
whether the patient is suffering from an attack of angma pectoris with 
severe respiratoiy symptoms, or whether he is suffering with paroxysmal 
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dyspnea with pain, for the attacks var} m diffeient individuals fiom 
puiely lespnatoiy phenomenon, uninfluenced by e\eition, and fiee fiom 
pam, to attacks m which the pain piedonnnaies, and m winch the 
paioxjsms aie definitely associated with exeition The attacks m then 
charactenstic fonn simulate \ery closely a tiansient seieie asthma, an 
extieme expiratoiy dyspnea u ith acute emplijsema, and suggest reiy 
stiongly that the dnect cause of the djspnea is bionclnospasm The 
possible explanation of the phenomenon can best he discussed v hen ue 
come to considei the effect of tieatment on these ^unptoms of pam and 
lespnatoiy distiess 

Palpitation is of fanly common occuiience, and may occur eaily, 
with this tlieie is sometimes tach}caidia With the deielopment of 
caidiac insufficiency m the cases of aoitic icgurgitation 01 of mjocaiditi*?, 
there naturally ensue the symptoms common to decompensation 

If aneuiysm exists the special pie^suie symptoms dependent on the 
tumor make then appeal ance In eleven of the twehe cases of aneuijsm 
theie was pam, usually constant, m the chest, left shouldei, neck and 
left aim 

As Allbutt has long pointed out, howeiei, them S3mptoms descubed 
above appeal most frequently v hen the sigmoid legion is imolved, and 
tins has been paiticulaily tine in 1113 senes I ha\e also noted that in 
the 3 r oungci patients, pam and paiox3smal dyspnea ham been most fie- 
quent In seven patients ovei 50 who had aoitic msufficienc3 r , pam was 
entnely absent in two and veiy slight in tlnee, the pictuie m these five 
cases being almost entnely that of giadual caidiac decompensation I11 
the lemammg two cases tlieie was se\eie pam and paiox3sms of dyspnea 

Pmally, it is necessaiv to mention the possible lelationslnp between 
the syphilitic aortitis, and ceitam unexplained feveis m these cases 
To this Popoff 07 has lecently called attention He lepoits tlnee cases 
of aortic insufficiency with syphilitic aoititis in ulnch tlieie was an unex- 
plained fevei that disappeaied iapidl3 r aftei the admnnstiation of anti- 
S3q)lnli1 ic tieatment In Bieimann’s case of congenital syphilitic aortitis 
there was fevei Though it is not uncommon to see slight fevei or 
abnoimally gieat vanations 111 temperatuie 111 cases of aneuiysm and 
aoitic insufficiency with syphilitic aortitis, particularly 311st after admis- 
sion to the hospital, it is difficult to exclude m such instances the presence 
of a slight bronchitis as a cause foi the mci eased temperature It is 
interesting, howevei, to note the effect of treatment on this temperatuie 
In one of my cases of aoitic insufficiency, there was a mild unexplained 
fevei reaching at times 101 P, which lasted for eleven days, but dis- 
appeaied promptly after the first dose of salvarsan In a second case, 
fever played a very prominent part m the pictuie 
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CASE REPORT 

A mamed woman aged 53 was admitted to tlic Piesbytcimn Hospital May G, 
1912, complaining of general weakness She had ne\er been sick bcfoie She 
bad not had any clnldien, the menopause had occuned foni montlis picwoush 
For six months she had been feeling badh weak, and was losing weight r J here 
had been no edema, no pain, no dyspnea, no cough Foi six to eight weeks theic 
had been fevei with night-sweats She was an lindei -nourished, inthei pale 
woman In both conjmictivae theie weie small petechiae 3 he teeth weie bad 
The lungs weie liegatne to examination Ihcic was some cnlaigcment of the 
heait, with a faint systolic muiniui at the apex, and a double mui nun at the 
base The livei was palpable two fmgeis below the costal maigin '1 he spleen 
could not be felt Theie was no edema tl lie Widal was liegatne Leukocites 
8,000 hemoglobin 75 pei cent , led blood-coi pusclcs 4 400,000, 5/11, ion Pnquet 
negative, 5/13, Wasseimann + (Xognchi) Fiom time to time a few 
petechiae w r eie noted o\ei shouldeis and back Blood eultnies made 5/14 and 5/28 
ga\e no giowth 

The couise of the fevei with the injections of salmi Min Wasseimann reac- 
tions are shown on the accompaming chait (Fig 1) 

June 13 the patient left the hospital much impioied As the fe\ci did not 
entirely cease she consulted a phisician, who tieated hoi with intiamusculai injec- 
tions of salicilate of meicun B\ the middle of Julv she had impioied still fm- 
thei, and was entnelv fevei-fiee She lemained nfibulc but in Septembei, 1012, 
sufieied a seveie bleak m compensation, fiom which she died Oct 18, 1012 

It is of couise possible to bate an acute bactennl on (local (lit is or 
cTuomc infective piocess cugiaftcd on a syphilitic aoititis, and tw r o such 
eases I have followed to autopsy It is difficult to exclude m this case 
such a cause foi the fever, especially since theie w r eie petechiae, a feat me 
so chaiactenstic of subacute or chionic nifectno endocaiditis Blood- 
cultures, how r evei. w r eie constantly negatne, while the complete dis- 
appeaiance of feiei ovei a penod of months would be unusual m mfcctnc 
endocarditis, unless the piocess had liealed — as fai as we know, an 
exceedingly lare occuncnee The giadnal decline of feier and gencial 
impiovement wnth the veiy peisistent Wasseimann icaction under tieat- 
ment, together with the complete disappeai ance of fevei with pi olonged 
antisyplnlitic ticatment, suggest iciy stiongly that the fevei m this case 
was really dependent on the syphilitic infection of the aorta 

The early physical signs, unfoitunately, aie not numerous, and aie 
sometimes difficult of detection, while the outspoken signs usually occur 
late m the disease 

The ealhest, the most important, and the most constant single sign is 
a positn e Wassermann leaetion It is now geneially conceded that a 
positive Wassermann leaetion m syphilis means active infection some- 
where in the body (Boas 08 ) And here I should like to call attention to 
the possibility and importance of syphilitic aoititis as a cause foi positive 
Wassermann reactions m so-called latent syphilis Fiom the frequency 
wnth which syphilitic aortitis is found accidentally at autopsy, we know 
that the infection may be haiboied m tins situation for years without 

68 Boas Di Wassermaim’sche Reaktion, Berlin, 1910 




Figuie 1 — Pait 1 



Figuie 1 — Pait 3 

Fig 1 — Chart showing fever curve and results of Wassermann test m the 






































Figuie 1 — Pait 4 


case reported by the autlioi Heavy line = tempeiatuie, light line = pulse 






















32 THE ARCHIVES OF INTERNAL MEDICINE 

detection during life, and indeed it seems as if the loot of the aorta 
might be one of the chief situations m which the infection may luik 
Eich, m Ins pathological study of 63 cases of sjphilitic aoititis, states 
that in 36, oi over half, tlieie weie neither signs noi symptoms of the 
disease dui mg life One must neveithelcss take exception to this state- 
ment, for m 9 cases the patients suffered from caidioiascnlai diseases 
Excluding these 9 cases, liowevei, there aie still 27, oi 42 8 pci cent , in 
Which the infection of the aoita was discoveied by accident In 21 out 
of 36 cases flie Wasseimann reaction was positne w T ith post-moitem blood 
I have now seen a number of cases in which a patch of sjplnlitic aoititis 
wholly unsuspected until autopsy, w r as the onlv came which could be 
found to explain a positne Wasseimann leaction dui mg life This 
question, of course, needs fui flier investigation before ’ any 'definite'’ state- 
ment can be made but ceitamh the assoeiaiion is \en r sti iking,* and 
piobably very fiequent It is theiefoie oi the utmost impoitahee to 
investigate the cardiovaseulai system with the greatest care in all case 5 
of so-called latent syphilis that give positne Wassermann leactions The 
same statement naturallj applies to the neivous sjstcm 

iNext to the impoitance of the Wassermann leaction is the condition 
of the aoita itself In a ceitam piopoition oi cases, but not m all, the 
lesion leads to a dilatation of the ascending aoita and arch Dilatation 
is most common m the oldei and adianced cases In 8 of oui 35 autopsies 
theic was no dilatation of the aoita In tu r o ca=es in which the patients 
aie still living, r-iay examination show T ed no dilatation In 23 cases, 
however, eitliei the r-iay oi autopsy disclosed a dilatation of raijing 
giade This may be umfoim oi somewhat megulai Eor a complete lecent 
discussion of the symptomatology and diagnosis oi aoitic dilatation one 
should refei to McCrae’s 00 excellent article One of the most pionnnent 
signs is an abnormal pulsation m the subclavian -and caiotid aitenes 
with an impulse m the epistemal notch In marked instances tlieie is a 
heave beneath the manubiium oi pulsation m the fiist and second inter- 
spaces, usually to the light of the sternum, but sometimes to the left 
The veins of the neck are often prominent In a few instances I have 
noted a line of dilated veins extending m a semicncle fiom the fust to tli e 
third or fourth nbs, and to the light of the sternum 

On palpation a pulsation is often felt m the epistemal notch, occa- 
sionally a heave and sometimes even a thrill over the manubrium Pei- 
cussion gives dulness oiei the sternum extending either to the right oi 
left of the manubiium m the first and second xntei spaces Auscultation 
i eiy fiequent] j r reveals a systolic murmur at the aoitic cartilage The 
second sound is shaip, ringing, and has the bell-like quality so aptly 
emphasized by McCiae Tins may be present, eien m cases of aoitic 
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insufficiency, when the heait sound is accompanied 01 followed by a dias- 
tolic mui mui These sounds aie ii ccpicnil \ well ti ausmiiicd oiei the 
uppei sternal dulness and beneath the chmcles 01 even into the vessels 
of the neck Piessuie effects aie sometimes noted Theic may be a capil- 
laiy and collapsing pulse even in the absence of an aoitic insufficiency 
Of all the methods of physical diagnosis, however, to deteimine 
whetbei or not dilatation exists, the a-iay is the most valuable r The 
oitliodiagiaph as pointed out by A'aque/,,' 0 gnes undoubtedly a inoie 
accuiatc pictiue than the ski.igiam 01 iluoioscopic examination but we 



Fig 2 — Case 15 Angina peclons and aoili3 insuflicienc\ Piacticalh no 
dilatation 


liaie been obliged to confine ouisehes to the lattei methods FIuoioscopv 
seems indispensable Examinations bale been made with the patient m 
the pi one position and lately it lias seemed useful to examine the patient 
fust m i tli the screen on the cbesr,, and then on the back In the lattei 
position, when the patient lies on Ins face, the shadow of the heait is not 
ieiy cleai, but the outline of the aicli and descending aoita is veiv dis- 
tinct, and can he studied with much advantage The details of the 
changes m the size and shape of the aoitic shadow when dilatation exists 
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have been well discussed by Vaque/, and indeed aie laimliai The shadow 
of the noinial aoita as seen on the iluoioscopic scieen, oi m ibo skiagiam 
lies m its tiist poll ion behind the sternum, but at the aicb wlieie it 
cmves lathei sliaiply backwaids and to the left, tbcic is a veil defined 
lounded knob, seen to the left of the sternum and opposite the second 
dorsal ceitebia Aceoidmg to the age of the patient and position of the 
heait, the shadow may show ceitain ‘-liglil carnations bill none nhuli 
can be confounded with definite dilatation (Fig 2) 



Fig 3 — Case 14 Angina pectoris, systolic murmur at base and diffuse dilata 
tion of aorta 


The commonest changes that I have obseived m dilatation aie a 5 
follows 

Fust, the aoitic shadow as it ascends fiom the heait shadow is 
widened so that it projects m a cuned line bej^ond the sternum and 
leaches to oi extends beyond the curved light bordei of the heait (Fig 
3) In most instances the outei shadow is legulai, but it may sliou 
slight profusions oi bulgmgs To the left the nonnal shadow is broad- 
ened Theie mav, too, be localized lnegulanties on this outline In a 
second gioup tlieie aie alteiations of a moie or less pionnnent chaiactei 
in the sliadov of the aoitic knob, but since tins represents the arch it is 
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unafieeted unless the dilatation i caches that fai The commonest abnoi- 
mahty wlimh has been ohsened is a genei.il enl.ngenicni with hws of the 
well-defined, knob shape (Pig -1), instead of which ihcic m a element ic 
cuiie to wauls the loft In otliei cases the knob mav be enlaiged, and its 
foim moie piomment than nonnal (Fig 3) Fmalh m a thud group 
the aoitie shadow appeals moie oi le«s as a ii uncat ed cone with i minded 
apex and bioad ba c e lestmg on and fusing with the eauliac shadow Tn 
such instances the nonnal aoitie knob is obsruicd 



Fig 4 — Case 10 Aoitie insufficiency, paioxysmal dyspnea and difiuse caidiae 
dilatation 


In any instance but best shown m Figme 3, theie may be above the 
aoitie shadow a pyi ami clal-sh aped shadow with base upwaids, and beneath 
the clavicles This often conesponds to did ness which is obtained beneath 
the sternal ends of I lie clavicle Compelling tins shadow with the appeal - 
ance of the stiuctuics m the supenoi mediastinum at autopsy, it seems to 
lepresent the dilated gieat aiteues as they anse fiom the aich. and conise 
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upwaids Iii almost any case, but not Iiequcntly, tlic hcait may assume 
a position moie neatly lion/ontal than noimal 

Though syphilitic aoititis commonly icsnlts m moie 01 less dilatation 
of the aoita, it is not of com sc the only cause s 0 that dill use dilatation 
does not m itself foini sufficient basis foi a diagnosis In aoitic msiifii- 
ciency following rheumatic fevei theie ma> be maiked pcimanent dilata- 
tion without the pie«ence of macioscopic lesions m the aorta, save pcihaps 
a thinning of its walls 



1'ig 5 Case 11 Siplulitic aoititis, dilatation of aoita, piominence of 
aoitic knob 


the nupoitance of the piesence of aoitic insufficiency and aneui^sin 
ha\e been suffieientlj emphasized, unfoitunately they appeal as a mle 
late in the disease 

Some mciease in the size of the heait. is usually found in all cases 
whethei aoitic insufficiency exists 01 not With the maiked enlaigements 
theie aie as a mle loud systolic nnumuis at the apex In one case, how- 
eiei, theie existed only a piesystolic gallop lhythm 
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The pulse m the majority of instances is regulai, and we ha\e not 
noted any cliaiaetenstic qualities, though m one instance a markedly 
collapsing pulse and capillary pulse existed without any other signs of 
aoitie insufficiency Occasional^ the patches of aortitis, which not mfie- 
quently aie situated about the mouths of the gieat \essels, become suffi- 
ciently extensive to nairow their lumen, or eien to occlude them, m which 
e^ent the pulse m the two radials or caiotids show inequalities m swe 
and foice In one case the pulse in the left common carotid was com- 
pletely obliterated Occlusion of the opening of the icssel was found 
at autopsy. 

The piognosis, at least in cases which aie seen m general hospitals, 
is bad In 24 fatal cases m Bruce’s senes the average duration of life 
was 5.2 yeais In my senes theie weie 38 fatal cases Of these, 4 patients 
succumbed to acute infections not dneeilj connected with the aortitis In 
the lemammg 34, death took place m 23, or m 6T 6 pei cent, within a 
\ear and a half of the onset of symptom* and m 9, oi 26 4 per cent , 
within six months of onset of symptoms The most rapid culmination 
took place m one ease m a few weeks, 2 patients died within two months, 
the most pi obliged case lasted about $i\ 3 ears Of the 25 patients who 
aie known, 01 aie supposed to be living, the disease has existed 111 9 foi 
tw’o veais, 111 4 foi tin ee, 111 4 for four, 111 1 foi the and in 4 foi six yeai* 
Of the 3S fatal cases, 8 patients died suddenly 111 an attack of angina 
pectoris, or pai 0x3 smal djspnca, 3 died of acute infection* diseases, and 
the lemamdei succumbed to eaidiac fail uie 

In some cases, paitieulailv the adrnneed ones, the diagnosis is made 
with ease and ceitamti, but in otheis with the greatest difficulty The 
commonest symptoms and signs aie snbsternal pam, or angina pectoris, 
slight dyspnea on exertion, or attacks of paioxysmal thspnea, evidence of 
a dilated aoita, and cnlaigcment of the heait A combination of any, or 
all of these with aoitie insufficiency 111 a man or w’oman about or below' 
middle life, is cliaiaetenstic, while a positive Wasseimann leaction 
assiues the diagnosis m practically eveiy instance The meie piesence of 
an aneurysm of the aich oi loot of the aoita piesupposes 111 almost eieiy 
instance syphilitic aoititis 

The lnstoiy of severe lheumatic fevei in a young man with aoitie 
insufficiency, who gives a positne Wasseimann leaction, may well lead to 
confusion, and unless pam 01 paioxysmal dyspnea be present, it would 
seem v’ell-mgh impossible to come to any conclusion as to the etiology 
of the aoitie lesion I have seen tw r o such cases 111 which an exact dum- 
nosis could not be made Since the Wasseimann reaction is one of the 
most constant evidences, it may, and indeed should, be the first indica- 
tion to put the physician on his guard, and suggest m cases of so-called 
latent syphilis the most caieful examination of the caidiovasculai system 



Table of Collected Cases or Sifmlitic Aortitis 


l 

Name 

Admitted 

Sex; 


Ages 

Syphilis 

Duration 
of Illness 

' 

Symptoms 


M 

6/16/11 

P 

C 

39 

? 

1 year 

Aching in chest and back, later 
spells of shortness of breath, 
latety edema 


H 

4/14/11 

M 

C 

49 

Denies 

16 mos 

Began with dyspnea on exei- 
tion, slight cough, oppression 
m chest, four days before ad- 
mission sudden severe pam m 
chest, violent dyspnea, cough, 
fulness m stomach, edema 

) 

B 

4/13/11 

M 

c 

68 

Denies 

3 3 eais 

Cough, swelling of feet 6 mos , 
dyspnea, slight pam m chest, 
blind spells 

4 

D 

1/17/11 

M 

w 

48 

Denies 

1 year 

Sense of constriction about 
chest, pam in left side of 
neck and down left arm, no 
di spnea or edema 

5 

M 

11/2S/10 

M 

w 

41 

16 3 ears 

1 3 eai 

Pam in chest and back, severe 
and constant Lost 20 lbs m 
v eight 

c 

L 

9/13/10 

M 

c 

35 

Denies 

5 weeks 

Attacks of d 3 spnea and smotli- 
eung sensation, palpitation, 
late edema, inpidly woise 

7 

h 

Me 

7/29/10 

M 

w 

33 

15 3 r eais 

9 months 

Pam m chest, shortness of 
breath on exertion Later an- 
gina with dyspnea during at- 
tack , edema 

f S 

M 

11/25/10 

M 

c 

39 

4 years 

5 months 

Pam m chest, coming on with 
exertion radiating to left 
shoulder No dyspnea No 
edema 

Slight dyspnea on exertion, 
paioxysmal dyspnea with 
pam, edema of feet for S mos 

0 

R 

11 / 11/10 

M 

c 

46 

29 years 

11 months 

10 

H 

10 / 22/11 

M 

c 

28 

1 

Denies 

2 months 

Par 0 x 3 - sms of dyspnea with 
sense of constuction m chest 
No edema 







Table of Collected Cases or Syphilitic Aortitis— (Continued) 


Diagnosis 


Wass. iiiutnn Salvaisan 


Entire Duia- 
Reaction tion of 
Disease 


Remai ks 


Aortic insufficiency, no 6/17+ + + 6/24, 0 3 gm 
dulness ovei sternum mtiaven 


Aoitic insufficiency, cai- 4/20+-} — f- 4/26, 0 25 gm 
diac insufficiency, dif- 5/24 neg mtraven 
fuse dilatation of aorta 5/20, 0 3 gm 

tc-ray mtraven 


Aortic insufficiency 
bioken caidiac compen- 
sation 


4/1S+ + + 4/2S, 0 3 gm 
5/24-} — j — mtraven 
6/ 7+ + 5/20, 0 3 gm 

6/2 1-j — j- mtraven 

6/10, 0 3 gm 
mtraven 


Dilatation of aoita (x- 1/24+ + + 2/10, 0 6 gm 

ray) , slight aoitic re- mtramusc 

gurgitation, enlarged 
liver, anginal pam 

Dilatation of aoita (x- 1/30-} — }- 12/ 8, 0 6 gm 

lay) Heart noimal, 2/15 — mti amuse 

anginal pam 

Aortic insufficiency Dila- 10/14-} — | — }- 11/14, 0 45 gm 
tation of aoita, severe inti amuse 

broken compensation 


None 


None 

None 


None 

Chill 


Nausea 


Fevei 


Local 


Aortic insufficiency Dila- 
tation of aorta (x- 
ray ) > very slight 
edema, angina pec- 
toris, S P 170, D 70 


9/16-} — 11/21, 0 45 gm 
mtramusc 


Local 


Aoitic insufficiency, an- 11/30+++ 11/30, 0 0 gm 
gma pectoris, S P 12/21-} — }- mtiamusc 

120, D 8Q 1/10/11++ 

2/ 7 -j — j- 1 

Aortic insufficiency Par- 11/14-j — }- + 11/16, 0 5 gm 
oxysmal dyspnea with 12/21-++ mtramusc 
pam Broken compen- 1/10+ 


Local 


sation S P 178 D 90 


irtic insufficiency Dila- 
tation of aoita (®-ray) 
Paroxysmal dyspnea 
Slight fever S P 118 
D 82 


2/2P+ 

3/ 3— 
3/24+ 
4/12+ + 


Noguchi 11/2, 0 3 
10/20+ + + mtraven 
11/ 1 +++ 11/13, 0 3 
11/ 8+ + + mtiaven 
11/15+ + + 11/22, 0 3 
mti aven 


None 


1 yr 8 mos Death, Feb 12, 1912 
Dead autopsy Slight 1 

1 e 1 11 r n of sj mp 
latei, u 1 U 1 pam 

1 yr 10 1 mos Mai k e d impi over 
Living 1 empoiaiy loss of 

Able to v, 01 k agai 
mos latei decompc 
tion without pam 


3 yeais + ’ Iinpiovcnient 111 a 1 h 
5/20, pam m d 
gone, 5/26 has pai| 
chest Decomp mi 
on icst and dig I 
hosp feeling well 1 ' 
gone j 

I 

2yr 10 mos Much impioved Aug! 

+ Living u 01 king h.ud, f 
well 1 


Slight 3 yrs + 


Living 


Gieatly imp Penn ( ‘ 
Gained wgt , Aug 
uoiking as fnemai 

0 1 


5 months Veiv slight tempoiji 
Death mipiovement Sud<| 

death Autopsy S'! ]■ 
lhtic aoititis mvolv 
aoi tic valves, pscu 1 
lobai pneumonia S 
tions of aoita do i ! 
dillei fiom othei ca«| 

1 yr Death Maiked temp imp i 1 
gmal attacks 3 4 tiifl 
daily befoie sahaisi 
Two wks after ticat 
much bettei Sometm 
only one attack in 3 
4 days By 12/28, recU 
1 ence Suicide Autopsi 
Dilatation of aoitt 
aoitic insufficiency vi 
1 , 

8 mos No definite lelief fit 
Dropped angma Death, 2/1 

dead 1911 ’ , 


Local 1 yr 5 mos Maiked temp imp Befd 1 
Death treatment, a 1 1 a c l<y } 

every day and mg’t 
foi 11 mos F 01 2 weel • 
aftei, occ attack Th< 
foi 2 wks lecunen! 1 
followed bv comple 
fieedom with abilitv i ’> 
get about for 2 mo < 
Latei lecur with deat> ! 

i 1 

None 1 yr + Liv Improvement pei manen ' 
mg Complete disappeai ; 

None ance of paroxysms i 


jijai u vy 

dyspnea and fevei 
Well Nov , 1912 





Tabic or Collecied Cases or Simiilihc Aokxitis — (Continued) 


r 

k 

E 

t 

it 

i 




Coloi 

Ages 

Sj phihs 

Duiation 
of Illness 

Sj mptoms 

t. 

\ 

[ 

r 

f 

i 

* 

N 

11 / 8/11 

M 

C 

40 

20 yeais 

5 jeais 

Pam m chest, acute, ladiatmg 
to left arm, 1 yi shortness 
of breath on slight exertion, 
edema, cough 

1 

Js T 

12 / 1/11 

M 

IV 

61 

Denies 

6 jeais 

Palpitation, slight dyspnea, 
angina pectoris 

t 

» 

T 

12/17/11 

M 

W 

47 

28 3 ears 

9 months 

Pam m chest at first Tw o vio 
lent attacks of djspnea, pal 
pitation general weakness, no 
edema 


B 

3/ 2/12 

M 

W 

51 

25 jcais 

2 3 3 ears 

Djspnea slight on exertion An- 
gina pectons for 1 yeai 

5 

T 

3/20/12 

M 

W 

36 

19 -seals 

1 jeai 

Angina pectoris on exertion or 
excitement 

6 

w 

8 / 2/12 

M 

VT 

68 

Denies 

4 months 

For 4 mos attacks of djspnea 
pam oi er lieait radiating to 
left sliouldei , 3 w ks , edema 
One transient attack of blind- 
ness 


It 

5/ 6/12 

F 

W 

53 

V 

G months 

Weakness, loss of weight, fevei 

S 

C 

0/ 9/12 

F 

C 

3S 

+ 

6 months 

Palpitation, shortness of bieath, 
pam over heart, occasionally 
attacks of dyspnea at night 

L9 

L 

9/11/12 

F 

W 

39 

? 

9 months 

Attacks of angina with disp- 
nea on exertion, 5 dajs 
edema 

!0 

Me 

8/31/12 

M 

w 

50 

: 

9 reals 

8 months 

Dull pam in left sliouldei, con 
stant, later down left aim 4 
mos dyspnea , 1 mo apho 
ma 






Table of Collected Cases of Syphilitic Aortitis — (Continued) 


Diagnosis 

Wasseimann 

Salvai san 

Reaction 

Entire Dm a - 
tion of 

Remarks 





Disease 



Dilatation of aoita (&- 
lay), anginal pant, 
In oken compensation, 
enlaiged lieait with, mi- 
tral insufficiency S P 
105 D G5 


Angina pectons No dila- 
tation of aorta (rc-iay) 
S P 150 D 104 
Aoitie insufficiency An- 
euiysm of arch of aoita 
(a-iay) S P 184 
D 70 


11/15+ + 4- 11/24, 0 3 gm None 


12/ S- 
1/2G- 
3/22- 


12 / 10 ++ 


12/ S+ + + 
12 / 20 + + 
1 / 12 — 
S/20— 


Dilatation of aich of 
aoita (am ay) , systolic 
rnuimur at base, slight 
caidiac liypertiopliy, 
tabes doi salis angina 
S P 130 D 90 
Aoitie insufficiency No 
dilatation of arch ( x 
lay) Angina pectons 


3/28+ + + 
4/ 3+ + 


5/23+ + 

5/29—’ 

G/13± 


9/11 + + + 


Aoitie insufficiency aoi- 
tic dilatation (s-iay) 
Paioxysmal dyspnea 
with pain S P 186 
D 58 

Aoitie insufficient , fe- 
vei , anemia 


Aoitie insufficiency, dila- 
tation of aoita S P 
165 D GO 

Aortic insufficiency , dila- 
tation of aich (x lay) 
Attacks of angina and 
dyspnea S P 155 
D 50 

Aneuiysm of aoita (re- 
lay) , diffeiences m 
pulses, paialysis of left 
vocal coid, pressuie on 
left bionclius 


6/23+ + + 


mtiaven 
12/ 1, 0 3 gm 
mtiaven 
12/ 8, 0 3 gm 
mtiaven 
12/16, 0 3 gm 
mti aven 
12/29, 0 3 gm 
mtiaven 

12/ 8, 0 3 gm 
inti a\ en 
12/15, 0 3 gm 
mtia\ en 

In next mo 2' 
doses 0 3 gm 
mtiaven 
3/28, 0 2 gm 
inti aven 
4/5, 0 3 gm 
mti aven 
4/14, 0 3 gm 
mtiaven 
5/23, 0 3 gm 
mtiaven 
5/29, 0 3 gm 
mti aven 
6/6, 0 3 gm 
i mti aven 
6/20, 0 3 gm 
mtraven 
7/15, 0 6 gm 
mti aven 
9/13, 0 6 gm 
mtraven 
9/25, 0 6 gm 
8/24, 0 3 gm 
mti aven 


None 

None 

None 


Slight 


Slight 


None 

None 

None 

None 

None 

None 

None 

None 


Vomiting 


6 yis 4 . Complete disappear! J 
Lnmg of pain Repeated: 

tacks of broken c 
pensation Doing fa 
well . 


Gji«6mos Gieatly improved S 
+ Living doing well 

1 yi 6 mos Improved No symptoj 
Living Gamed strength Syi 
tomatically well 


3 yis + Well up to the pres) 
Living time, woiking j 


1 3 r 5 mos Improvement w ith tern}' 
Dead laiy cessation of )i 
tacks aftei each do.j 
Herxlicimer leaction ) 
Sudden death Oct 1, 19 


Slight j4 mos Death Sudden death within 4 

hours of salvarsan ; 


5/1I+++ 5/16, 0 3 gm 
5/23-} — (-+ mtraven 
5/29+-j — j- 5/23, 0 3 gm 
6/ 12 4 — mtraven 

6/6, 0 3 gm 
mtraven 

9/13+ + + 9/19, 0 3 gm 
mti aven 


9/20 h + -h 9/13, 0 3 gm 
mti aven 
4/20, 0 3 gm 
mtraven 

9/ 6+ + + 9/7, 0 3 gm 
9/13+4- intiaven 

9/13 0 3 gm 
mtraven 
9/20, 0 3 gm 
mtraven 
9/28, 0 3 gm 
mtraven 
10/ 8, 0 3 gm 


None 

None 


Vomited 


IP/S mos Moderate improvemen 
Death Loss of fever after ii 
jections of Hg Deat 
Oct 12, 1912, of cai 
diac decompensation 


Fever 6 mos Liv- 


None 

Slight 


None 

None 

Slight 


9 mos Liv Impiovercent For 4 day 
in g before salvarsan 7 at 

tacks In next week ‘ 
attacks 

8 mos Liv- No impiovement 
ing 
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THE ARCHIVES OF INTERNAL MEDICINE 


TREATMENT 

Since the lecognition of the sjphilitic ongm of ceitam cat dio\ asculai 
diseases, anti syphilitic tieatment has been lecomniended and med uitli 
valuing degrees of success (1 Inch aid, Fouimei, Oslei, Allbutt) It n 
usually stated that such tieatment may bung about lelief fiom pain 
Within the last few yeais, howeier, moie paiticulai attention has been 
paid to the tieatment of these cases Goldscheidei thinks that the out- 
look is pool Potassium lodid is insufficient and must be combined with 
mexcuiy or salvaisan Oigaaid, on the otliei hand, icpoits lathei satis- 
factory results with the use of meicuiy and lodid In this mannei he 
has tieated fifteen patients with marked improvement m all cases This 
benefit showed it=elf by the disappear anee of substemal pam, angina and 
paroxysmal dyspnea, m mcieasmg stiengtli and returning ability to voile, 
and an improvement m the anemia when this was present The relation- 
ship which he found to exist between the Wasseimann reaction and dis- 
appearance of symptoms is interesting In six cases the Wasseimann 
test became negative during the fiist cure, which lasted about three 
months, m the remaining cases the reaction disappeared more slowdj, 
and only after two 01 three couises of treatment In three instances 
there was a return of symptoms while the Wasseimann was still negative, 
while m four the symptoms disappeared before the Wasseimann 

With the introduction of salvarsan, Ehilich’s original warning against 
the use of this drug m the piesence of cardiovascular disease prevented 
for some time its employment m syphilitic aortitis, but now sufficient 
data have accumulated to show that the dangei under such conditions is 
slight Breitmann, who collected the cases of death after salvarsan injec- 
tions, repoited m the literature, has discussed this question quite fully 
from a theoretical standpoint He thinks the drug may piove dangerous 
when there is disease of the coionary arteries 

The experimental work of Auer 71 has shown that salvarsan injected 
intravenously m acid solution is dangerous Eabbits and dogs injected 
mtiavenously with 0 5 per cent acid solutions develop cardiac dilatation, 
and show abrupt fall m blood-piessure with immediate death The 
intravenous injection of 0 5 per cent alkaline solution m dogs seems to 
have little effect on the blood-pressure, and no marked effect on the heart, 
though its factor of safety may he so reduced m some instances that an 
extra strain brings on fibrillation and death With higher dilutions of 
the diug, even acid solutions may be harmless when injected slowly The 
alkaline solution employed by Auer is five times as strong as that used 
foi man m whom 0 1 per cent solutions are employed Hoke and Rihl, 72 

71 Auer The Archives Int Med, 1911, vm, 169, Jour E\per Med, 1911, 
xiv, 24S 

72 Hoke and Eihl Ztsclir f exper Path u Therap , 1911, ix, 332 
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wlio experimented with intravenous infections of 0 5 per cent salvaisan 
m alkaline solution state that such a solution will lower the blood-pi essure 
m rabbits, but that this is principally due to its effect on the central 
nervous system, and not on the heart and blood-vessels directly 

From a practical standpoint the use of salvarsan m syphilitic aortitis 
seems to be comparatively harmless, though latei I will point out a 
possible source of danger when lai ge doses are given , and the main point 
at issue is as to whether it is of real benefit Wemtraud uC has repoited 
the results of treatment by salvarsan of twenty-six cases of syphilitic 
heart and arterial disease The cases included aoitic insufficiency, angma 
pectoris, myocardial disease with syphilitic aitentis and sclerosis of the 
cerebral arteries He has not seen any ill effects from the infections 
Two to four infections of 0 2 to 0 5 gram were given. In many of the 
cases there were no symptoms, or where sfmptoms weie present they 
were so mild that any benefit derived from the infections could not be 
estimated In only three cases, all of aortic insufficiency with angina, 
could he be sure of improvement Others, too, have used salvarsan m 
isolated instances, but give little information as to its value (Fiessmger, 
Goldscheider, Biermann, Hirtz and Braun, Schmmke 73 ) 

Salvarsan has been given to 20 of my senes of cases Among these 
there were 14 of aortic insufficiency, 9 of which were associated with 
angma pectoris, or attacks of paroxysmal dyspnea, one of these latter 
havmg an aneurysm as well, 5 cases of aoititis associated with true 
angina, anginal pain or cardiac enlargement, and 1 case of aneurvsm 
The drug has been given for the most pait intravenously, but m 6 
cases it was used before the intravenous method of administration became 
general, and was then given by the Lesser method intramuscularly. 
Three of these patients received intramuscular infections of 0 6 gram, 2 
received 0 45 gram, and 1, 0 5 giam The remaining 14 cases have usually 
been given several doses of 0 3 gram intravenously In this manner of 
divided dosage 4 cases have received 0 3 gram each, 2 cases 0 6 gram each, 
4 cases 0 9 gram each, 1 case 1 2 gram, 1 case 1 8 gram and 1 case 3 0 
grams The doses have been given usually at intervals of eight to ten 
days Salvarsan reactions have not been very common Severe reactions 
with chills, fever and vomiting or dianhea have occurred only six times 
m the thirty-seven administrations During the last year freshly dis- 
tilled water has always been emplofmd 

In choosing the dosage I preferred to admmistei small amounts 
lepeatedly, rather than one ot two full doses , and after my rather limited 
experience this attitude seems fustifiable, for it is possible that there is 
some danger m givmg large doses, particularly in patients with angina 
pectoris and paioxysmal dyspnea 


73 Sahminke Reiclis Med Anz , Leipz, 1911, xxxvi, 513, 545 
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TEE ARCHIVES OF JXTERX iL MEDJC1XE 


Although death has occuned m eight of tlic twenty cases, in onlv one 
instance could it he even lemotely connected with the injection This 
one patient suffenng iiom aoitic insufficiency, and sereie attacks of 
paioxysmal dyspnea and anginal pain, died suddenly within foi t} -eight 
houis of the hist mtiavcnous injection of 0 3 giam Eren tins may have 
been a coincidence, for on anothei occasion a patient with angina died 
sudden]} 7, on the day bcfoie the fiist injection was to be made Caidiac 
decompensation alone ceitamly does not seem to be a conti a-indication 
Seren patients weie m a cutical condition fiom decompensation w r hen 
the first dose v r as gnen Except m the case just descnbed, if an} effect 
w r as pioduced it w r as improvement 

All of the fatal cases suffered fiom aoitic insiifhcienc} Eoui patients 
died of caidiac failuie, one three w r ceks, tlnec six months aftei tieatment, 
one patient died of angina pectons ^eien months aftei tieatment, while 
one patient committed suicide one month aftei tieatment 

In only one case (No 6) w r as it possible to obtain an autops} The 
patient v r as m a hopeless state of caidiac decompensation when 0 4 o giam 
of sahaisan was injected intiamusculail} lie died thiee w r ceks later 
Autopsy show r ed the typical gioss appeaiancc of syphilitic aoititis 
Micioscopically the lesion m the aoita appealed pci haps somewhat less 
cellulai than the aveiage, but did not differ mateiially fiom the lesions 
which have been seen m a numbci of othei cases 

SUMMAHT 

The twenty tieated cases hare been summarized in the accompanying 
table (Table 1) It may be said once and foi all that I have obseued no 
definite beneficial effect on the caidiac mcompetency itself, noi has theie 
been any change m the anatomical condition Signs of aoitic insuflicicncv 
have not been i educed, noi have aneuivsms grow 7 n smallei And, indeed, 
when one conies to diaw conclusions lelative to the effect of ceitain tliei- 
apy m a gioup of cases, the symptoms of wdnch aie so manifold and so 
■\aiying, I am awaie that the most extieme precautions aie necessary Tn 
such a small gioup, too, coincidences may deceive one, and I hare tlieie- 
foie attempted to piesei\e as cutical an attitude as possible 

It has, bower ei, been impossible to escape fiom the fact that ceitam 
of these patients have been benefited by salvarsan tieatment, and this 
aftei all is not especially sui prising, foi these individuals must be 
regai ded as suffenng not only fiom a mechanical defect in the circulatoiy 
appaiatus, but as rvell from a localized chionic infection Thus it is 
leasonable to suppose that if this infective process is amelioiated, oi 
cuied, the general condition of the patient will likewise improve In 
most instances this has been the case The majonty of patients feel 
considerably better after one oi two injections The patients who hare 
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imp loved sufficiently to go back to woik leport that they feel stiongei and 
-bettei than they have for yeais Few, however, have gained weight, 
though the appetite increases. 

The most stuffing lesult, liowevei, has been the effect of treatment on 
the pam and attacks of paioxysmal dyspnea In all but foui cases, theie 
has been peimanent, 01 marked temporary or immediate nnpiovement in 
this condition In fixe cases tlieie has been up to the piesent tune 
peimanent leliel of pam Two of these patients (Nos 4 and 5) had 
suffeied foi one year when fiist observed At the piesent time, two yeais 
aftei tieatment, they aie well and woiking haid One patient (No 14), 
who had suffeied constantly fiom angina pectoris for two oi tluee yeais, 
is well and woiking seven months aftei tieatment The fourth patient 
(No 13), with aoitie insufficiency, aneunsm and occasional attacks of 
paioxysmal dyspnea, is well and woikmg hard six months aftei tieat- 
ment, and m the fifth case (No 11), though theie has been lepeated 
decompensation, pam of anginal natiue which had existed foi five } earn, 
has lecuired but once over a penod of ten months 

In six eases theie has been most stuffing tempoiaiy nnpiovement 
Two eases (Nos 7 and 9) that had suffeied foi about a year with 
paioxysmal dyspnea accompanied by exciuciatmg anginal pam, obtained 
complete temporal y lelief This lasted m one instance foi two months 
dui mg which time the patient was able to go about and do a little work 
At the end of this time the attacks lecuired, became progressively worse 
and the patient finally died In the othei case the nnpiovement of much 
the same natuie, lasted only about foui weeks In another case (No 2) 
theie was lelief fiom pam for six months At the end of this time the 
pam leciuied, and since then the patient lias had almost constant decom- 
pensation In one most striking case of angina pectoiis (15) lasting 
oi ei a penod of one year, with sometimes six and eight attacks a day, 
theie has been almost, or indeed entire lelief foi periods of tlnee weeks 
to a month aftei the injections of salvaisan, dunng winch time the 
patient could attend to lus daily woik At the end of this time the 
attacks lecuned, gradually becoming moie ficquent and more seveie, 
until he finally letumed to the hospital ioi tieatment Occasionally he 
only lemamed m the ward one oi two days, and twice only one night, so 
that the effect of lest or diet can be excluded A second patient with 
angina pectoris (No 12) left the hospital much mrpioved and remained 
well foi four weeks Later he was lost sight of Finally, a woman who 
had attacks of angina foi nine months almost daily, and on any slight 
exertion, nnpioved immediately while m the hospital, but later had a 
recunence Dunng four days befoie salvaisan was given there were 
seven attacks During the next two weeks aftei two doses of 0 3 gram of 
salvarsan, tlieie weie but two attacks 
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In the remaining cases tlieie uas one patient with aoitie insufficiency 
with severe bioken compensation (6), who was apparently unaffected, 
one of severe angina pectons and aortic insufficiency (Ho 8), who, aftei 
one mtramusculai injection, showed no definite nnpiovement, and died 
during an attack One patient (Ho 16), alieady described, who died 
forty-eight hours aftei the fiist injection, while the pain in one case of 
aneurysm with ceivicobrachial neuralgia was uninfluenced aftei four 
intravenous injections of 0 3 giam The lemammg five cases improved 
considerably dui mg then stay m the hospital, but hare eitbei been under 
observation too short a time to say what the icsult will be, or have been 
lost sight of 

In the study of these cases one fact has been vciy stiongly impressed 
on me, and that is the peisistence of a positive Wasseimann leaetion, oi 
the rapid return of a positive leaetion aftei a temporal y abatement 
duung treatment Theie were eleven cases m winch the "Wasseimann 
test could be repeatedly perfoimed In four of the c e only has it been 
possible to obtain, so far, a pei sistently negative leaetion All foui cases 
showed marked improvement m symptoms (Hos 2, 5, 11 and 13) In 
the cases (Hos 9 and 15) it has diminished m intensity coincident with 
a relief m symptoms only to return again and become stiongly positive 
with the recrudescence in one instance of attacks of paroxysmal dyspnea, 
and m the other of angina pectoris In the latter case the reaction was 
still positive, even though 3 grams have been given In five other cases 
it has remained positive after the injection of 0 9 gram mtiavenously, 
and in one case after the injection of 0 6 gram mtiavenously But the 
first relief of symptoms, even though temporary, has come soon after the 
fiist or second injection m most instances, and while the Wassermann 
reaction was still positive 

Thus the impiovement m symptoms manifests itself very rapid! j, 
and usually within four to six days after the injection "We have, how- 
ever, noticed an interesting phenomenon m a number of instances, 
namety, an mciease in severity of symptoms within twenty-four to foi tv- 
eight hours after intravenous injections This has been most striking m 
cases of angina pectoris and paroxysmal dyspnea During the day oi 
turn following injections the paroxysms of dyspnea or attacks of angina 
increase m severity and number, then rapidly dimmish and entirely dis- 
appear This was most striking m one case of angina pectoris that 
received on three occasions 0 6 gram mtiavenously A careful record was 
kept of the number of attacks during these periods and the accompanying 
chart (Tig 6) illustrates the characteristic effect 

I cannot but feel convinced that tieatment by salvarsan does have a 
distinctly beneficial effect on the pam and paioxysmal dyspnea m 
syphilitic aortitis, but as I have had more and more opportunity to study 
these cases, it has become increasingly evident that a cuie is exceedingly 
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difficult to accomplish But the very lapid amelioration of the pains, 
attacks of angina peetons and paroxysmal dyspnea is not only unpoitant 
for the patient, but peihaps suggests certain explanations foi these symp- 
toms So closely aie the attacks of pai oxysmal dyspnea associated with 
angina pectoris m this gioup of cases that heie at least I piefer to 
consider them together 

I am aware that many explanations have been offered to account for 
the phenomena, and the theories of angina peetons aie legion The 
frequent occuirence of lesions about the sigmoid legion, and m the 
immediate vicinity of the coionaiy aitenes, has led most obseiveis to 



Fig 6 — Chart with curve showing the number and duration of attacks of 
angina following the intravenous administration of salvarsan in a case of angina 
pectoris 

infer that disturbances m coronary circulation m this class of cases was 
responsible for the attacks of angina peetons, and, peihaps, the attacks 
of paroxysmal dyspnea as well The conditions, however, are compli- 
cated One has to deal with an active infection at the root of the aorta to 
which the nerve supply is rich, and wheie m consequence disturbing 
reflexes may be excited, fiequently involvement of the coionaiy cn dila- 
tion, and m a large proportion of instances, actual insufficiency of the 
aoitic valves with the lesultant changes m pressure m the left ventncle 
and then effects It is impossible heie to discuss the subject of angina 
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pectons I need only lefei io the vvoiks of Huchaid, Eo^enljach / 4 Oder , 75 
Yon FTeussei 70 and Mackenzie 77 

We have not m the least been able to com nice om relies fiom autopsies 
m these cases that theie was any dnect association between di c ea=e of the 
coionaiy aitenes and attacks of angina pectons oi paioxysmal dyspnea 
Almost complete occlusion oi the mouths of the coionaiy aiteries has 
been found without eitliei symptom appealing dunng life, and attacks 
of angina and paioxysmal dyspnea have occuncd m cases vlncli at 
autopsy shoved laige coionaiy aitenes with wide mouths 

That these attacks may be associated with acute distention of the 
ventricle is possible, since all ha\c occuncd m cases of aoitic insufficiency, 
but ceitamly such attacks aie much moie common m syphilitic aoititis 
than m aoitic insufficiency caused by lheumatic fevei 

The study of my cases, howevei, has suggested veiy stiongly that 
these symptoms aie closely associated with the mflammatoiy leaction at 
the loot of the aorta, and aie dneetly dependent on it The fact iiist 
that symptoms may increase tempoianty m ^evenly following intravenous 
injections of salvaisan, and that the most pionounced leactions have 
occurred with the laigest doses lends support to the idea that tins 
lepresents, as it vveie, a Hcixhemiei leaction, and that the increase m 
symptoms is due to the mci eased leaction of the tissues towards the 
libeiation of toxin in excess from lapidly destioyed spnochetes Follow- 
ing this theie is rapid subsidence of symptoms, so lapid, indeed, that it 
could scaicely be ascubed to veiy great modification m anatomical stiuc- 
ture There might, however, be lapid impiovement in the niflammatorv 
leaction Finally, the tempoiary lelief of symptoms with severe leciudes- 
cences could best be explained by associating the symptoms dnectly with 
the progress of the inflammation 

The paroxysmal dyspnea, as I have already suggested, simulates veiv 
closely an attack of asthma, and on account of the sudden onset, the 
violent type of expiratory'- dyspnea with suffocating sensations, the acute 
emphysema, and lapid subsidence, it impi esses one as an acute tem- 
poral bronchospasm That such an explanation holds foi many'- ca=es 
of true asthma, seems most probable Indirectly, too, the recent expei i- 
ments of Januske and Poliak 78 have some bearing on the question, for 
they have been able to offei an explanation foi the beneficial effect of 
epmephrin m asthma They found that the marked bronclnospasm 
caused by the injections of muscarm or peptone m animals was promptly 
lelieved by injections of epmephrin and less lapidly, but more peiman- 
ently by atiopm Pal , 73 too, has leported that such substances as epi- 

74 Rosenbacli Die Kranklieiten des Herzens, 1S97 

75 Osier Angina Pectoris, 1897 

7G Von Neusser Angina Pectons, 1909 

77 Mackenzie Lancet, London, 1895, i, 16 

78 Januske and Poliak Arch f e\per Pathol u Phaimakol , 1911 hvi, 205 

79 Pal Deutsch med Wchnsclir , 1912, xwvih, 5 
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nephim, a tropin, caffem and llie nitrites wlncli act as vasodilatois to tlie 
coionary arteries, produce a dilatory effect as well on the bronchial mns- 
culatuie Recently Paik , 80 by direct experiment, has confirmed these 
lesults obtained with epmephnn In the cases of paioxysmal dyspnea 
nitroglyceim, as mentioned befoie, seems to haie some effect m cutting 
slioit the attack, and m cases which have been watched for days 01 c\en 
weeks m the wards befoie salvarsan was given it was the only diug which 
seemed to have any influence It is possible that, if it had any effect 
at all, it is through a lelief of bionchiospasm, and not from its action on 
the coronaiy aiteries Atropin has been emplo} r ed a few times, but not 
sufficiently often to say anything legardmg its action Epmephnn I 
have feared to use 

Haiing still moie nnpoitant beaiing on this 'subject aie some old 
experiments of Fiangois Fiank 81 on aoitic reflexes By nutating the 
inner surface of the aoita of dogs he was able to pioduce quite constant^ 
ceitam respnatoiy phenomena These consisted of three types ( 1 ) 
Sudden apnea with the lespnatoiy muscles m spasm eithei dunng the 
mspiratoiy or expiratory phase, 01 apnea with geneial inhibition of all 
respnatory movements, ( 2 ) tachypnea, without seveie constitutional 
symptoms, and ( 3 ) a slow djspnea of seieie and giave foim The cause 
of this dyspnea he showed quite plainly uas spasm of the bionchial mus- 
culatuie He believed, too, that tlieie was coincident contraction of the 
pulmonary aiteiv Associated with this type of dyspnea was a contrac- 
tion of the peiiplieial lessels and n^e of blood-piessuie Occasionally a 
spasm of the lanngeal muscles oecuiied In other cases he was able to 
pioduce all the signs of aoific insufficiency (the capillary and collapsing 
pulse) save a diastolic muimur thiough nutation of the loot of the 
aoita and without injury to the sigmoid lalve^ Stewart 52 has obseived 
this last phenomenon and consideis it as a leflex fiom the root of the 
aorta, and m some expei intents m which aoitic insufficienc} r was pei- 
fomted on clogs I hate lepeatedly eonfiimed this observation That 
Fiank's respiratoiy phenomena hate not been noted since is almost cer- 
tainly due to the method ot expei mentation, foi m Stewards experiment, 
and m those which otheis have pei formed, full ethei anesthesia oi aiti- 
ficial lespnation was employed 

It is thus evident that distuibmg reflexes may be set up experi- 
mentally m animals by irritation of the root of the aorta, and there is no 
ieason to suppose that the same thing should not be true for man The 
dyspnea caused by bionchiospasm, and the contraction of the peripheral 
artenes producing heightened blood-pressure m the expenmental animal 

50 Paik Join e\pei Med 1912, xvi, 568 

51 Fiank, Fiangois Aich de Physiol, 1S90, senes 5 n, 50S and 547, Jour 
de 1 anat , 1S77 xm, 545 

52 Stew ait The Ancimcs Ixt Med , 190S, i 102 
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is a close repioduction of the paioxysmal dyspnea as it oeeuis m syphilitic 
aortitis, and it seems quite justifiable to suggest that the two conditions 
aie the same It would he difficult to explain the increase m blood- 
pressuie which occuis duung these attacks m man on the presence of 
pain,, 01 of cyanosis, foi pam is fiequently absent and dyspnea may con- 
tinue foi some time (fifteen to thnty minutes) aftei the sudden drop m 
blood-piessuie which comes with the lelief of acute sjmptoms Oui 
obsei rations, theiefoie, seem to lend stiong suppoit to the idea that these 
symptoms aie dependent on a reflex geneiated at the loot of the aoita by 
the sjplnlitic inflammatory piocess 

lioovei 83 has lecently called attention to eeitam lespnatory phe- 
nomena which he belieies aie associated with distuibanees of the vagus 
nene In two eases theie were attacks of paroxysmal dyspnea and acute 
emphysema associated m one with an mfiammatoiy mass in the media- 
stinum, and m anothei wnth aneurysm of the aich of the aoita In both 
these cases the vagi were found at autopsy involved m the tumor masses. 
In two other cases of aortic insufficiency theie oceuned attacks of taclyyp- 
nea associated with slow pulse Both patients w r eie relieved by atiopim 

Though theie is no positive evidence othei than the lesults of treat- 
ment that the cases of angina pectons as well as those of paroxysmal 
dyspnea m this group aie of leflex ongm, the definite Ilerxheimei reac- 
tion combined with the rapid improvement and later recunences suggest 
that the actual inflammation of the wall of the aoita is of gieat impor- 
tance m determining the onset of these attacks The immediate cause of 
the attacks of angina may of couise be constriction of the coronary 
aitenes, but the true etiology probably lies m the diseased aoita, and not 
m the coronary arteries themselves 

There are not lacking those who have regarded angina pectoris as a 
reflex depending on reflex neive impulses Hothnagel’s 84 theory of angina 
pectoris vasomotona is well-known Huehaid, though recognizing that 
inflammations about the root of the aoita might cause a leflex angina 
pectons from involvement of the nerves, would exclude such cases fiom 
the category of true angina pectoris Recently this whole question has 
been discussed by Hertz cr ' Actual disease of the caidiac plexuses has been 
described by Benenati S5 m tw r o of three cases of syphilitic aortitis with 
angina pectoris, but others have not been able to confirm these findings 
It does not seem necessary, however, to piesuppose such lesions, since 
involvement of the nerve endings m the root of the aorta might be 
sufficient to determine the onset of reflexes 

The question, of couise, complicated as it is, should be put to experi- 
mental proof before going fuithei, but the suggestion that these attacks 

53 Hoover Jour Am Med A^sn , 1911, lvn, 1733 
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of paroxysmal dyspnea and angma pectoiis m tins particular class of case 
aie directly connected with the syphilitic inflammation at the root of the 
aorta, and that these symptoms aie of leflex natuie lather than dependent 
on anatomical lesions of the coionaiy artenes, seems m accoid with my 
observations 

The permanent lelief of these symptoms can onty be obtained, if at 
all, by the most peisisient tieatment It is probably difficult to reach the 
spnochetes by the blood-stieam, so that the diseased aoita is hard to 
attack I have been more and more impressed with the necessity of giving 
lepeated doses of salvaisan, and am now not as much discouraged by 
lecunenees as at hist It may be that neosalvaisan will prove moie 
efficacious, 01 the combination of salvarsan with infections of mercuiy 
Salvarsan, howevei, would seem to be the best method of pi miaiy attack, 
since the symptoms which may be lelieved aie immediately dangeious to 
the life of the patient The possibility of pioducmg a Herxheimei reac- 
tion m cases with paioxysmal dyspnea and angina pectoiis should be 
constantly borne m mmd, and m such instances full doses might bung 
about an alarming immediate increase m symptoms 01 sudden death 

CONCLUSIONS 

Syphilis pioduces a characteristic lesion of the aoita, which is respon- 
sible, as is shown by autopsy statistics and the Wasseimann reaction, foi 
most aneurysms, about 75 per cent of cases of aortic insufficiency m 
adults, many cases of dilatation of the aoita, and a certain gioup of cases 
of angina pectoris 

The infection of the aoita probably takes place during the secondary 
stage, and though the symptoms and signs of syphilitic aortitis with the 
complications may develop withm a few months of infection, the process 
usually remains latent, or unrecognized for an avciage of sixteen to 
seventeen yeais Thus, syphilitic aoititis is probably a common cause 
for the presence of a positive Wassermann reaction m so-called latent 
syphilis 

The early symptoms and signs of syphilitic aortitis aie a positive 
Wassermann reaction, precordial pain, slight dyspnea, attacks of paiox- 
ysmal dvspnea and angma pectoris, caidiac hypertrophy, increased pul- 
sation of the vessels of the neck and signs of dilatation of the aorta 

The precordial pain, paroxysmal dyspnea and angina pectoris aie 
tempoiarily 01 permanently relieved by repeated infections of salvarsan, 
but m certain instances these symptoms, especially after large doses, may 
be aggravated for the fiist forty-eight hours after infection. 

The paroxysmal dyspnea, which may be regarded as acute bionchio- 
spasm, and possibly the angina pectoris m syphilitic aortitis is dependent 
on the inflammatory reaction m the wall of the aorta, and may be 
legarded as reflex disturbances set up by the syphilitic process involving 
the root of the aorta & 
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THE MINUTE VOLUME AND ALVEOLAE AIR IN 
PULMONARY EMPHYSEMA 


C F HOOVER, 1ID 
cli \rr \m> 

Tins discussion will deal with two phases of pulmonaij emphjsema 
which have to do with the lung as a lespnaton oigan quite apart from 
the respnatoiy threshold, nnnutc-i olume of blood parsing thiough the 
pulmonaiy cn dilation and influences fiom flic peripheial none supply 
of the lespnatoiy oigans 

Patients who appaienth hare the same degiee of cmphjsema behave 
m diffeient ways One of my patients had pionounced cjanosis, a 
lespnatoiy late of 1G to IS pei minute, a nnnute-iolume of respired an 
of 8 liteis Co, content of ln« alveolai an vas S 55 pei cent This 
patient did not suffei fiom an liungei and nciei had an asthmatic 
attack 

The second patient piesented tuo phases On admission to the hos- 
pital he was c}anotic The lespnatory late uas 14 pel minute The 
mmute-volume of lespned an uas fiom S to 10 liter s The aheolai an 
contained ? 2 pei cent oi Co 2 and an liungei lias pionounced A feu 
days latei conditions impioied He no longei suffeied fiom an liungei, 
but the lespiratoiy late was 15 pei minute, the minute lolunic of lespired 
an was G 380 liteis His aheolai an contained 5 3 pei cent of Co 2 and 
cianosic had disappeared At fiist glance one uould say the lung len- 
tilation vas much bettei during the fiist penod and theiefoie the leal 
difficulty consisted m an impairment ot the lung as the oigan of external 
lespnation, i e the lung did not affoid a good medium for the nifei- 
eliange of carbon dioxid and oxygen between the blood and alveolai air 
But we will see later m the discussion the leal difficulty did not consist 
in an impairment of the lespnaton function, but m the ventilation 
function Thus fai my observations hare been made on eases of marked 
emphysema which differed much m the clinical symptoms of cyanosis, an 
liungei and minute-i olume of respired an But w hen tins external 
icspiiation was investigated it was found that the patients all suffeied 
fiom impaired i entilation, but reacted diffeiently A significant clinical 
test earned out on the patients substantiates this explanation None of 

’Manuscript submitted foi publication Oct 30, 1012 

”Read at the meeting of the Association of Amencan Physicians, Atlantic 
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these patients showed the slightest modification of then symptoms when 
they bieathed an atmospheie of pine ox}gen In othei woids they weie 
not suffeimg fiom a Ion oxygen content, but fiom a high caibon dioxid 
content of then aheolai an and this can be ascnbed only to impaned 
ventilation , 

Patients who suftei fiom an lmpanment of the external icspnatoiy 
function must oL’ necessit} get icliei fiom the inhalation of oxygen J his 
is \eiy cleailv demonstiated m pulmonaiy edema and bionchopncumomn 
of childien, whose cyanosis is instantly relieied b} the inhalation of 
oxygen, when the ical difficult} is impaned icntilation thioughout the 
entire lung In my peisonal expenenee I hate known only one patient 
who got lelief fiom the inhalation of oxygen, and I did not ha\e the 
oppoitunity of confiimmg that I have only the patient's peisonal testi- 
mony and that must be leceited tuth caution fiom emph} semaious and 
asthmatic pei sons 

The significance of pathological changes m the aheolai nails of 
atiophic emphysematous lungs seems tei) doubtful m all of the cases I 
have studied Inhalation of oxygen is a good clinical method of difTei- 
entiatmg between these tuo functions, viz, external lespnation and lung 
\ entilation 

The eail} obsenations on the fust patient weie made with the aid 
and direction of Dr JJ R Macleod m the physiological laboiatoiy I 
wish heie to expiess my thanks and acknowledge the debt of giatitude I 
one him for hib active aid and mstiuction in the use of the physiologist’s 
methods of studying lespnation and foi many helpful suggestions 

The method used m studying alveolai ail is that descubed by Haldane 
and Priestly 1 Specimens of the tidal an weie pioeuied by Zuntz's 
method, and the analyses of the lespned an weie made with Haldane's 
modification of Pettei son’s 2 appaiatus 

I he fiist patient nas a man 46 jeais old, 5 ft G in high, and weighing 140 
pounds w nen these ohseivations weie begun in Decembei, 1910 

I he patient had pionounced cyanosis of the lips, nose, eais, tongue and fingeis 
Diumstick fingei tips weie marked I lie patient denied evei baling bad anj 
attack of asthma oi expeuencmg the sense of an hungei His peisistent complaint 
was i sense of fulness and slight pain ovei the fiontal legion and a sense of 
fulness and piessuie m the epigastmnn Theie was model ate cough and veiy 
little expectation At this time m 1910 the patient wo iked as piessei in a 
ga linen t factoiy and sufleied no mcom enience at his wank on account of the 
emphysema 

The lieait’s apex was m the sixth mtei space and the left boidei of the lieai t 
extended 14 cm to the left of the median line m the sixth intei space The mdit 
caidiac boidei extended 6 cm to the light of the median line m the fouitli intei - 
^pace Theie weie no miniums noi accentuation, noi palpable thrills oi palpable 
closuies fiom any of the heait’s aahes The veins of the neck and uppei extiemi- 
ties weie lathei laige hut no abnounal aenous pulsations w^eie visible Theie 

1 Joui Phvsics, xxxn, 227 

2 Pettei son Ztschi f Analyt Chem , xxv, 4G7 
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w r eie no signs of any linpanment of the mass movement of blood and Di G N 
Stewait® estimated tbe mass movement tbiongli Hie hands, and found it quite 
noimal nccoiding to bis method 

'the lungs weie veiy emphysematous 'Jhe lowei boideis weie at tbe ninth 
11 b in tbe axillu> line on both sides uul filled the plctiial sums postenoi 1\ 

The costal ingle was not enlaiged dining mspiiation tnd the anteio lateial 
poition of the thoiacic nail fiom the sixth to the n.nth ubs, liiclusne, weie dmwn 
ton aid the median line dui mg mspiiation 'Jhe cpigastnum n is pi oti tided but 
the lonei end of the sternum was diann tonaid the aeitebia I’lom a postenoi 
vien one sees, howeiei, a distinct mciease in the tiansici^e di iinctci of the base 
of the thonix in the pi me of the postenoi axillaij line When the diaphiagm 
occupies a Ion position the following phenomena aic obsened dining lespn ition 
Reti action of the lonei end of the steinnm, a nai lowing 01 a want of enlaigement 
of the costal angle uid appioxnnation of the h\ pochondi la and piotiusion of the 
epigastiium 'these signs weie alwais \oi\ piononnccd in this patient foi the two 
jeais he was tmdei obsenation Auscultation mealed the cli uactei istic pio 
longed expinitoij muiniui and in abundance of eoaisc and medium di\ and an 
occasional 11101 st riles duiing mspiiation and e\pn ition 

The patient had a niodeiate caidnc enl iigcincnt without ana signs of disease 
of eitliei the pulmonaij 01 aoitie aitenal s\ stems No signs of mediastinal dis 
ease or disease of the pencaidium 'Jhe minute \olumc of blood was noimal 
the striking featuie about this patient was the <\anosis without djspnca and 
without any indication of caidioiasculai di«cise 

The alveolai an was estimated i gieit main times o\ei a penod of sixteen 
months and the CO_ content was ncvei lowei than 7 5 pei cent uid was most of 
the time lietween 8 1 pei cent and S 5 pei cent 

Oetobei 14, 1911, the following foui anihsts weie made of tlie aheolai an 

1 CO* = S 35 pei cent 

0* =11 70 pei cent 

2 CO* = 8 99 pei cent 

0. =12 70 pei cent 

3 CO* =82 pei cent 

0* =12 41 pei cent 

4 CO* = 8 55 pei cent 

0* =11 04 pei cent 

The cyanosis and paitial picssuie of CO. m the alveolai an sustained a vciy 
constant ielation to each otliei Januaij 20, 1911, when lie was able to be at 
work and had pronounced cyanosis the aheolai an contained m two analjses 
7 3 pei cent and 7 5 pei cent of CO. Deeembei 11, when he w T as admitted to the 
hospital complaining of headache and a sense of pressuie in the epigastiium and 
1 had too a maiked mciease of the bionclnal symptoms and intense ci miosis, the 
I aloeola? an contained 9 7 pei cent of CO* and 10 73 pei cent of oxjgen 

On the foimei occasion when the CO* content oJ the alveolm an was 7 5 pei 
cent the respiratory rate w r as 18 pei minute and the minute volume was 8 530 
liteis 

On the lattei occasion when ejanosis was much moie intense the respnatoij 
late was 19 pei minute, the CO* content of the alveolm an was 9 7 pei cent and 
the minute-volume was 8 530 liteis He not only toleiated a high CO* content of 
the alveolai an at all times but toleiated an mciease fiom 7 5 pei cent to 9 7 
pei cent without an liungei oi any matenal change in the late oi minute volume 
of lespiration Tins is \ striking lesult when compaied with the intolerance of 
CO. in normal pei sons, and also when compaied with the tolerance of an mciease 
in the CO* of the patient’s alveolai an, aftei forced bi entiling and attempts at 
holding the bieath to the bieakmg point 


3 Stewait, G N ITeait m, 33 and 70 
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Mai ch 17 1911 the following expenments weie made 

The alveolai an of His Macleod, Wvcofl and myself contained the 
following 

J J R M = 5 G7 pei cent CO. C F IT =51 pci cent CO. 

^7 — 5 8 pci cent CO J’.itient Fftni B 8 1 pci cent ( O. 

\Ve then took the nl\colai an of each ai the hi caking point aftei 

holding the bieath as long as possible with the following icsnlis 

j t R M =6 71 pci cent CO. C F 11 =071 pci cent ( O. 

(< w =7 27 pci cent (0. S.un 15 =00 ami 07 pci cent ( 0. 

Sam B then b> cat bed as deeply and as lapidh as possible twonh 
times in JO seconds, a pcuod ol apnea Cor IS seconds followed Then 
will the lesnmption ol automatic icspnation the aheolai ail contained 
0 4 pei cent of CO, Anothei tunc Sam B bieathcd twenty-five times 
m 30 seconds Apnea foi IS seconds Jollowed and with the icsumption 
of automatic lespnation tlie aheolai an contained 10 28 pei cent of CO_, 
Xine months latei when ln« cyanosis was ien intense lie did not suflei 
fiom an hungei (10 lespnations pei minute), and the peicentagc of CO_, 
m the alveolai an had attained a peieentage which equalled Ins maximum 
enduiance on the foimei occasions when the C'0_. m Ins alveolai an was 
8 1 pei cent dining tianquil bieathmg 

Theie w r as anothei point of mteicM in Sam B iclatne to his high 
icspnatory tlncshold Me ne\ei had apnea when aw r ake, but wdien the 
inhibition of sleep w r as added to Ins oidmaiily high lespnatoiy tlneshold, 
apnea ensued Jn tins instance, as in instances of slumbei apnea asso- 
ciated with scleiosi« of the ceiebial aitenes, the apnea occimed m light 
sleep Jan 27, 1911, Di Macleod took a tiaemg of Sam R ’s icspnation 
in the pneumogiaph constiucted aftei Haldane’s design Tlie accom- 
panying tiaemg shows penods of apnea (Fig 1) In the tiaemg 
the upwaid stioke maiks the expnatoiv exclusion In watching Bio 
tiaemg w r e weie at fhst much eoncemed to see the cessation of lespnation, 
but as the apnea learned it was obseived icspnation ceased as the 
patient’s eyelids closed m sleep We had lepeated oppoi tunities to obseive 
this fact It w r as mteiestmg to see the upstioke of the level to the 
abscissa maik the expnatoiy phase of the thoiax as the eyelids fell m 
sleep TJnlike the slumbei apnea of aitenal disease the apnea was not 
followed by hvpeipnea and an hungei As the apnea ceased and the 
patient simultaneously wakened and lesumed automatic lespiration the 
late and lliythm and depth of the lespnatoiy exclusions w r eie lesumed 
as thev iveie up to the moment of apnea 

On the clay the tiaemg m the pneumogiaph w r as taken Sam B ’s 
aheolai an contained 7 5 pei cent, 7 9 pei cent and 8 0 pei cent of CO, 
m tin ee analyses IIis minute-volume of lespned an ivas 7 9 litem 

Pee 15, 1911, Sam B ’s aheolai an contained 9 59 pei cent CO, and 
10 09 pei cent of oxxgen Ovanosis w T as much mote pionounced than on 



56 


THE ARCHIVES OF INTERNAL MEDICINE 


the day the pneumogiaph fiacmg was made A\ hen Ins cyanosis vac so 
piononnced and Ins alvcolai an contained ( ) 5 ( ) pei cent C'Ch lie would 
lie m bed and go to ‘deep foi shoit nitenals of the 01 ten minutes Ti 
was common foi him to go to sleep fne oi si\ times in an horn, but uhen 
he vent to sleep he did not cease bieatlnng It seems the paitial pi cosine 





Fig 1 — Eead fiom left to light r J he upstioke maiks the expnatoii, exclu- 
sion Ihe airests of lespnation in tlie expnatoiy pliase mink the points at 
which the patient went to sleep 



Fig 2 — Eead fiom left to light The npstioke maiks the expnatoix exclusion 
Note that oxjgen in solution did not modify the lespnation, uheieas the excui 
sions inciea e ed the instant some caibon dioxid was intioduced into the lespned 
ail 

of C0 2 was so high that apnea nas nevei allowed m Ins moments of 
sliunbei Dunng this penod Ins lespnatoiy late was 27 pei minute, but 
the minute-i oluioe was only 6 566 liteis When asked if he suffeied fiom 


G F HOOVER 


57 


a sense of an hunger he always protested that lie had no difficulty m 
breathing and said his only trouble was headache and a sense of pressure 
m the epigastiium The man was leally suffering fiom carbon dioxid 
poisoning During the winter and spring we repeatedly gave him large 
amounts of oxygen to breathe, and although the paitial pressure of 
ox 3 r gen m the air he bieathed was as high as 50 per cent., it never modi- 
fied the respiration m any way 

We have m this patient a heightened lespnatoiy threshold with an 
alveolar air rich m C0 2 and poor m oxygen, without hypeipnea and with 
a normal minute-volume of respired air The lung ventilation is theie- 
foie apparently but not really good 

The tidal an was then estimated according to Zuntz’s method and 
the alveolar an was analyzed at the same tune It is cleai that the C0 2 
given off must come fiom the alveolai air and, as Haldane suggests, if we 
know the minute-volume of respired air and its content of C0 2 and also 
the content of C0 2 m the alveolai air, then we have a formula for 
estimating the piopoition of alveolai to tidal an I have a minute- 
volume of 8 16 liters This minute-volume of an contains 3 28 per cent 
of C0 2 and my alveolar an contains 5 05 per cent of C0 2 We have the 
foimula 

3 28 times 8 16 liters=5 05 
3 28 times 816 

tliei ef oi e =alveolai an 

5 05 

Dec 8, 1911, the Zuntz appaiatus was used for collecting a sample 
of air from Sam B. 

Time of colleetion=10 25 mm 
Rate of respiration=12 per mm 
Mmute-volume=9 16 liters 

Zuntz specimen 00^4 23 per cent oi 0 387 L per mm , 0~17 45 pei cent 
Alceolar air COf=8 3 per cent , 0—10 9 per cent 

The alveolar air=4 66 liters which is 50 9 pel cent of the mmute-volume 
The respiratory quotient=l 2 

Dec 11, 1911, Sam B was moic cyanotic than at the time the 
previous specimen was taken His diet was also more liberal 

Time of colleetion=ll minutes 
Rate of respiration=19 1 pei mm 
Mmute-volume=8 53 liters 

Zuntz specimen CO^=3 84 per cent or 0 327 L per minute, 0^=15 94'per cent 
Alveolar air CO^=9 77 per cent , O^IO 73 pei cent 
Alveolai air=3 35 liters or 39 2 pei cent of the mmute-volume 
Respiratory quotient=0 7 

Another Zuntz specimen taken the same day 

Time of collection=10 minutes 

Aveiage late of respiration=27 per mm 

Mmute-volume=8 73 liters 

CO^=3 94 per cent or 0 343 liteis per mm 

(>2=16 9 per cent or 0 375 liteis absorbed per mm 
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Alveolar air=3 52 liters or 40 3 per cent of minute i olunie 
Eesp quotient=0 9 

Dee 15, 1911 Cyanosis very pronounced 
Time of colleetion=12 mm 
Minute volume=6 566 liters 
Eate of respiration=27 per mm 

- Zuntz specimen CO;=5 21 per cent per mm = 0 342 liters, 02=13 495 per 
cent or absoibed per mm=0 541 L 

Alveolar air CO-=9 59 per cent , 0;=10 09 pei cent 

The alveolar air=3 567 liters or 54 per cent of minute lolume 

Eesp quotient=0 64 

Compare tlie results with the same apparatus m my own resprration 
and we find that my alveolar arr varied from 64 to 82 per cent of the 
minute-volume When my respiratory rate was 10 per minute the alveolar 
air constituted from 64 to 77 per cent of the tidal air Whereas, Sam 
B ; s alveolar am constituted only 50 9 per cent of the tidal air when he 
was breathing twelve times per minute and had a minute-volume of 
9 16 liters 

It is obvious that if the mmute-i olume remains the same a slower 
rate of respiration will give a laiger peicentage of alveolar air m the 
minute-volume than when the rate of respiration is increased 

On Dec 15, 1911, a Zuntz specimen was taken from me with the 
following results 

Time of collection— 12 mm 
Eate per mmute=10 
Mmute-i olume=8 16 liters 

This specimen contained CO,=3 28 per cent , 0=17 27 per cent 
The alveolar air taken at the same time contained 0(1=5 05 per cent , 0= 
14 9 per cent 

Eespiratory quotient=0 85 

The alveolar air, therefore, equalled 64 8 per cent of the tidal air 

From C F H — Another specimen Dec 19, 1911 

Time of collection=ll mm 

Eate of resp per mm =10 

Minute Yolume=S 081 liters 

This specimen contained C02=3 78 per cent , 0=16 225 

The alveolar air contained C02=4 S6 per cent , 0,=15 24 per cent 

Eespiratory quotient=0 75 

The ah eolar air constituted 77 7 pei cent of the minute volume 

At a later date the experiment was tried of breathing as neaily fifteen 
tunes pei minute as I could The alveolai an at this time, m July, 1912, 
a warm day, contained 4 5 per cent CO, 

The following are the results from thiee Zuntz specimens C 3? H 

1 Time of collection=12 mm , mmute-volume=S 13 L , K rate=15 1 per 
minute, CO,=2 7 per cent , Alveolar air=60 per cent , CO, per minute, 222 cc 

2 Time of collection=S mm , Minute volume=9 14 L , R rate=16 per mm , 
CO,=2 7 per cent , Ah eolar air=59 9 per cent , CO, per minute = 246 cc 

3 Time of collection=7 mm. Minute volume=9 76 L, E rate=16 3 per 
mm , COj=2 4 per cent , Alveolar ait=53 3 per cent , CO : per mm =234 c c 
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Eiom these lesults it seems quite clear that the dead space m emphy- 
sema must he increased There must he a consideiahle expansion of the 
lung between the alveoli and the large hi on chi, otherwise X can see no 
explanation foi the fact that m emphysema the alveolai an (which m this 
patient was so rich m C0 2 ) should constitute such a small percentage of 
the tidal air when the rate of respiration and the minute-volume are 
noimal or what conform to comfortable respiration and ventilation in a 
noimal person 

In the case of Sam B the alveolar air was rich in C0 2 and poor m 
oxygen So the question natuially arose as to whether the cyanosis was 
due to an excess of C0 2 or diminution m oxygen 

It was formerly shown that a great increase m the partial piessure of 
oxygen did not modify the cyanosis nor the rate or apparent minute- 
volume An oxygen tank was connected with a rubbeT bag which com- 
municated with the Zuntz apparatus In this manner the patient was 
enabled to breathe an atmosphere of pure oxygen A sample was taken 
from the tank which yielded 93 pei cent of oxygen on analysis 

Sam B had a lespiratory rate of 22 per minute on this day (April 19, 
1911), and maintained the same rate during the time the Zuntz specimen 
was collected The time of collection was eight minutes The minute- 
volume 8 431 liteis The sample contained 2 5 per cent of C0 2 Another 
specimen was collected during 10 minutes and 40 seconds The minute- 
volume was 9 510 liters The respiratory rate varied between 20 and 25 
per minute The sample contained 

00^=2 9 per cent , 0 2 =91 2 per cent 

In spite of the fact his alveoli were constantly filled with oxygen the 
cyanosis remained the same We then took a Zuntz specimen fiom Sam 
B when he was breathing atmospheric an with the following lesults 

Time of collections# mm 

Minute-volume==7 895 liters 

Resp rate=22 per mm 

Zuntz specimen CO.;=2 21 per cent , 0_~19 5 per cent 

Alveolar air CCD=8 05 per cent , 0^=12 3 per cent 

Sam B was then instructed to bieathe twelve times, as deeply and 
rapidly as he could At the end of this forced bieathmg the alveolar an 
contained 

CO_.=6 79 per cent , Oo=15 71 per cent 

During March, 1912, the opportunity was given to prove the interpretation 
grven Sam B ’s cyanosis and emphysema, m a patient who entered the hospital 
with pionounced pulmonary emphysema, air lrangei and cyanosis The cyanosis 
w as not nearly so intense as m the case of Sam B , but the lungs extended down- 
ward to the seventh, ninth and eleventh ribs, respectively, in the nipple, axillary 
and scapular lines Furthermore, the central tendon of the diaphragm occupied 
a low position as evidenced by the downward displacement of the liver and the 
strong approximation of the hypochondria toward tiie median line during inspira- 
tion Although the patient breathed laboriously, the respiratory rate was 15 per 
minute and the same rate was maintained while breathing through the Zuntz 
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valves Wxtli the first trial, breathing was more lahoi ious than when the appara- 
tus was not used, consequently the minute-volume was large and a laige amount 
of C0 2 was given off 

First experiment on A S March 29, 1912 
Time of collection=15 mm 
Resp rate per mm =14 
Minute-volume=10 15 liters 

The Zuntz specimen contained CCk=2 37 per cent , 0—18 1 per cent 
Alveolar air CO;=7 2 per cent , 0—14 3 per cent 
Respiratory quotient=0 79 
C0 2 per min =0 241 liters 

Alveolar air=3 341 liters or 31 8 per cent of the minute-volume 
After further trials A S learned to breathe through the apparatus with less 
effort Tne following test is a specimen taken when the minute a olume was less, 
but the respiratory rate w r as the same, viz , 14 pei minute 
Time of collection=ll minutes 
Resp rate=14 
Mmute-volume=8 059 liters 

The Zuntz specimen contained CO;—? 16 per cert , 0;=18 7 pei cent 
Alveolar air C02=7 44 per cent , 0;=12 44 per cent 
Total C0 2 per mm =0 174 liters 
Resp quotient=0 9 

Alveolar air=2 339 liters or 29 7 per cent of the minute volume 
A few days later A S was much more comfortable There w'as no cyanosis, 
but the respiratory rate remained the same as when the patient was cyanotic 
The lower borders of the lungs were still at the seventh, ninth and eleventh ribs 
but the central tendon of the diaphragm was evidently not so low Although the 
costal angle did not widen during inspiration there was not the strong approxi- 
mation of the hypochondria as foimeily, when cyanosis was present and the 
bronchial wheezing was more pronounced 
Third specimen from A S , April 1, 1912 

While the Zuntz specimen w r as collected the patient breathed easilj at the 
rate of 15 per minute 

Time of collection=:13 minutes 
Resp rate=15 per mm 
Minute volume=6 380 liters 

Zuntz specimen contained CCk=2 7 per cent , O^IS 4 per cent 
Alveolar air COo=5 3 per cent , 0^=15 5 per cent 
Resp quotient=l 0 per cent 
C0 2 in minute volume=0 172 litei s 

Alveolar air=3 250 liters or 50 9 per cent of the minute volume 

When the third specimen was taken it must be observed that the 
respiratory rate was 15 as compared with 14 m the second specimen, and 
although the minute-volume m the third specimen was 6 380 L , as com- 
pared with 8 059 L m the second specimen, the lung ventilation was 
much better, for the alveolar air constituted 50 9 per cent of the mmute- 
volume m the third specimen, and only 29 7 per cent m the second 
specimen Moreover, at the time the third specimen was taken the 
patient had no cyanosis and the alveolar air contained 5 3 pei cent of 
COo When the second specimen was taken, cyanosis was pronounced and 
the alveolar air contained 7 44 per cent C0 2 With a lesser minute- 
volume and the same respiratory rate there was much bettei lung 
ventilation 
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The corollary from the expenment is that the respiratory rate and 
minute-volume (ivhen studied apart from the C0 2 content of the tidal 
and alveolar air) are no guides for estimating the real ventilation of the 
lung when hronchiolar volume is a factor under consideration 

Anotliei mode of reaction is exemplified in the following patient, Mrs L , 
who entered Lakeside Hospital m June, 1912 This patient was a small, thin 
woman ulio weighed 100 pounds For two years she had had dyspnea and could 
do veiy little work on account of her lespnatory limitations The heart was not 
enlarged, theie were no signs of any cardiovascular disease, i e, disease of the 
heart, oi aoitic or pulmonaiy circulation There were no evidences of any medias- 
tinal disease The lungs weie emphysematous and were situated at the seventh, 
tenth and eleventh ribs, lespeetively m the nipple, axillary and scapular lines 
During mspnation the lower end of the sternum was retracted and the epigas- 
trium protiuded The costal angle was not enlarged dui mg inspiration The cos- 
tal bordeis to the eighth ribs did not diveige during inspiration, but below the 
eighth ribs theie was marked respiratoiy divergence of the costal bordeis, so the 
base of the thoracic cage had a maiked increase m the transverse diameter during 
inspiration Mrs L was not cyanotic but she complained of air hunger and had 
a lespnatory rate of 26 duung her stay of three weeks in the hospital. There 
was no pionounced cyanosis but at times there was a suggestion of cyanosis m 
the cheeks, but the fingers, eais, oi tongue nevei levealed any pronounced 
cyanosis This patient evidently retained her normal respiratoiy threshold and 
theiefore breathed rapidly to compensate for poor alveolar ventilation Conse- 
quently m this patient theie were two factors which contributed to lowering the 
percentage of alveolar air m the minute-volume of respired air, viz , emphysema 
and a rapid lespnatoiy rate 

Zuntz specimens taken fiom Mis L gave the following lesults 
Time of eollection=9 minutes 
Resp iate=25 11 per minute 
Mmute-volume=7 800 L 

Sample of Zuntz specimen CCL=1 48 per cent , 0^=19 3 pei cent 

Alveolar air CO^=5 55 per cent , Ck=13 44 per cent 

Respnatory quotient=0 8 

Alveolar air=26 6 per cent of minute-volume 

C0 2 pei mmute=115 c c 

Another specimen showed the alveolai air to equal 29 4 per cent of the minute- 
volume 

These three patients all present some signs which they have m com- 
mon, and m other respects they differ greatly. All had increased pul- 
monary volume, and, indeed, so far as objective signs of pulmonary 
volume are concerned, they all had their lungs m the maximum inspira- 
tory volume All had the characteristic skodaic resonance and all had 
the piolonged expiratory phase 

Sam B had much moie evidence of bionclutis than A S or Mrs L. 
Sam B was always cyanotic A S had cyanosis only during his first 
week m the hospital Mrs L never had pronounced cyanosis. Sam B 
never suffered air hunger A S had air hunger only during the period 
of anosis, and Mi s L was never free from air hunger 

If we compare the lesults m Mrs L with the results m A S there 
is at first glance apparently a marked inconsistency m the lesults obtained 
m the two patients. 
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The second specimen from A S gave a minute-volume of 8 059 liteis 
His alveolar an contained 7 44 per cent of C0 2 

Mis L showed m repeated tests a minute-volume a little less than 
■eight liteis Her alveolai air always contained between 5 5 per cent and 
6 per cent of C0 2 Hei alveolar an ranged between 26 per cent and 30 
per cent of the minute-volume But A S was cyanotic at the test 
referred to, and Mis L was never cyanotic Theie was this difference, 
however — A S had a lespiratory i ate of only fifteen per minute, wheieas 
Mrs L had a respnatory rate which was constantly from 23 to 26 per 
minute 1 hat the lung ventilation was bettei m Mis L must be granted 
because she was not cyanotic and her alveolar an had a C0 2 content oi 
from 5 5 per cent to 6 pel cent The fact that her alveolar an constantly 
■composed only 26 to 30 pei cent of the minute-volume (as m A S ) 
must then be due to the meiea^ed lespiratoiy late 

I have compaied my own lung ventilation with the ventilation of 
emphysematous lungs when I employed the same respiratory rate and 
minute-volume which the emplij'sematous patients had, and found my 
alveolai air under these conditions represented 60 per cent of the alveolai 
air as against 30 per cent in the emphysematous patients But this com- 
parative test of respiratory rate and minute-volume and alveolar ail was 
a comparison between a healthy person and emphysematous patients who 
were cyanotic I theiefore wished to compaie my lung ventilation with 
that of an emphysematous patient who was not cyanotic 

I then took a Zuntz specimen fiom myself when I bieathed twenty-five 
times per minute and endeavored to breathe so that the minute-volume 
would be the same as m Mrs L This was accomplished by setting up a 
mirror before the dial of the spirometei so that the excursion of the 
indicator could be seen and thus, at will, the amount of each respiratory 
excursion could be made to conform to the desired minute-volume An 
assistant beat time so that the number of lespirations could be timed for 
exactly 25 respirations per minute Thus the minute-volume respiration 
>of Mrs L was accurately imitated m my own breathing While this 
artificial respiratory rate and minute-volume were maintained it was 
desirable also to know what the C0 2 content of the alveolar air might be 
Tor this purpose the mouth-piece of the Zuntz apparatus was fitted with 
a lateral opening through which a sample of alveolar air could be pro- 
cured at the end of the experiment It was necessary to know the oxygen 
and caibonic acid content, not only for estimating the proportion of 
alveolar air to the minute-volume of air, but also to see if the percentage 
of carbonic acid m the alveolar air conformed to the sense of air hunger 
which prevailed during the time the Zuntz specimen was being taken 
The alveolar air was taken on the end of the last expiration of the seven 
minutes during which the Zuntz specimen was taken 
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Time of collection^? mm ' 

Resp iate=25 pei mui 
Mm -vol —7 400 L 
Resp quot =0 66 

Pei cent of alv an of tlie nun vol =39 7 per cent 
Zuntz specimen 00=2 6 pei cent , 0==17 3 per cent 
Alveolar air C0=G 7 per cent , 02=13 2 per cent 

Another trial was made dining which the sense of air hunger was 
not so severe as during the above test, but the sense of air hungei was 
pronounced 

Time of collection=S mm 
Resp iate=25 pei mm 
Mm -vol =7 570 L 
Resp quot =0 65 

Per cent of alv an of the nnn -vol =44 9 

Zuntz specimen C0o=2 8 pei cent , 0;=17 0 per cent 

Alveolar air 002=6 27 per cent , 02=13 73 per cent 

When the results are compared with those of Mi s L it will be noted 
that the alveolar air represented a larger portion of the minute-volume 
than m the case of Mrs L and although my sense of air hunger was 
pronounced, as was also quite evident m Mrs L , my alveolar an at the 
end of the experiment contained 6 7 per cent and 6 2 per cent of CO. 
Whereas Mrs L J s alveolar air contained only 5 5 per cent This seemed 
too low to he consistent with her sense of air hunger, the degree of emphy- 
sema, and also the suggestion of cyanosis m her face, which amounted to 
a slightly dusky hue, although as has been stated there never was pro- 
nounced cyanosis of the fingers, ears or tongue The estimates of Mrs 
L’s alveolar air compared with her mmute-volume of an always pioved 
the lung ventilation to be poor As has been shown, when I employed the 
same respiratory rate and mmute-volume as Mrs L., my alveolar air rep- 
resented 10 per cent, more of the mmute-volume than was the case with 
Mrs L, although the percentage of C0 2 m my alveolar air was highei 
than Mrs L In spite of this comparison it never seemed to me that we 
quite got the alveolar an of Mrs L The degree of emphysema and air 
hunger always seemed inconsistent with such a moderate elevation of 
partial pressure m the C0 2 of her alveolar air From our former experi- 
ences with emphysema, too, it seemed reasonable to expect a better toler- 
ance of such an elevation of C0 2 content of the alveolar air, m a patient 
who had emphysema continuously for two years I mean by this that the 
sense of air hunger was disproportionately great for the C0 2 content of 
the alveolar an as estimated fiom a specimen of air procured at the end 
of a strong, quick, voluntary expiration 

Mrs L was a frail woman with a thm thorax which could be easily 
compressed As we thought the real alveolar air may be better procured 
by compressing the thorax at the same time a voluntary expiratory efioit 
was made, the following experiments were then made 

A Zuntz specimen was taken for 11 minutes 

The mmute-volume was 7 522 hteis 

Respiratoiy late 22 per mm 
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Zuntz specimen C0=1 9 per cent , Or=19 0 pei cent 

The alveolai air was then taken at the end of a loluntaiy e\pnation Tlie 
first specimen contained 5 7 pei cent of CO- The second specimen 6 1 per cent 
of C0- 

The patient hieathed thiougli tlie tube used in piocuimg alveolar air and then 
as she was instructed to blow, hei nose was closed b-\ one assistant, anothei 
seated behind the patient foicibly compressed the thorax as the foiced expiration 
was made, and immediately the specimen of an vac taken Tins was all done c o 
quickly that the time factoi could not be lesponsible foi a high CO- content 
The specimen was piocuied as piompth as at other times when there was no 
compression of the tlioiax employed The aheolai an procured m this manner 
had a CO- content of G 7 per cent which seemed qmle consistent with the whole 
clinical pictuie 

The patient, A S , had a C0 2 content of 7 4 pei cent m his aheolai 
ail when he was cyanotic and 5 3 pei cent a fen da)s latei "when he v as 
not c} r anotic 

If the peicentage of aheolar an is estimated on the basis of 6 7 pei 
cent C0 2 , then the aheolai ail will constitute 28 3 pei cent of the 
mmute-t olume If the estimate is made on the basis of 6 1 pel cent , the 
alveolar air constitutes 31 1 pei cent of the minute-volume 

This method of compressing the tboiax v r as employed m the case of 
Sam B , whose alveolar an at the tune contained 8 3 pei cent of C0 2 , and 
tlie results obtained were the same as when no compiession was employed 
His thorax -was unyielding and the trunk muscles weie powerful 

The same results as in Sam B weie obtained m tv r o healthy well- 
muscled men It seems probable that m the case of Mis L 6 7 pei cent 
more nearly repiesents the C0 2 content of hei alveolai air than 5 3 per 
cent, or 6 1 per cent, which were the minimum and maximum pei- 
centages obtained m a dozen analyses, made at different times 

This method of estimating the lung ventilation proved to be of service in study- 
ing the case of a man 71 years old who gave a history of air hunger which 
existed two months before entering Lakeside Hospital 

This patient, L S, was a powerful man with a laige and very resistant 
thoracic cage The only complaint the patient had was constant air hunger and 
fiequent attacks of lijperpnea which wakened him at night There was no 
cyanosis nor evidences of any cardiovasculai disease There was marked letrac 
tion of the costal bordeis and nan owing of the costal angle dui mg inspiration 
The lungs were voluminous The finger nails were ridged and he gave a very 
clear lustoiy of gout which had been diagnosed by seveial physicians 

At the base of the light thorax in the axillary line there was movable dulness 
which was not pronounced, but gave use to the suspicion of fluid m the right 
pleuial cavity Although the lungs weie voluminous (at the ninth lib m the 
axillary lines), and the respiratoiy movements of the hypocliondna betrayed a 
low' position of the central tendon of the diaphragm, yet there were no signs of 
bi onchiti6 

The real question in this case was to account for the low position of the 
central tendon of the diaphragm The CO- of his alveolar air was first determined 
from specimens piocuied at the end of a forced expiration and found to be 3 7 
per cent , 3 8 per cent and 3 9 per cent in three specimens Compression was 
then emploved at the end of the expiration and the CO- content was 3 5 per cent , 
3 7 per cent and 4 2 per cent m thiee specimens 
A Zuntz specimen was then taken for nine minutes 
The minute vol —7 4 05 L 
The rate of respiration=16 pei mm 
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The an sample C0^=1 9 pei cent , 0j=19 0 pei cent 

Alveolai an taken directly after the Zuntz specimen was finished gave a C0 2 
content of 3 2 pei cent and 3 3 per cent in two specimens 

The alveolai an equalled 58 per cent of the minute-volume therefore the 
low position of the diaphiagm could not be due to emphysema of bronchial origin 
A skiagiam of the thoiax. was then made and a tumor m the mediastinum 
dneetly behind the heart was clearly definable which displaced the central tendon 
downvaid An evploratoiy needle was then inserted and a thin layer of fluid 
Avas located at the base of the light thorax The fluid was not bloody, but con- 
tained a few led cells and many mononuclear cells The patient left the hospital, 
but the skiagiam justified the diagnosis of a mediastinal tumor which simulated 
bronchial emphysema by its displacement of the central tendon of the diaphragm 
Had not the estimates of the minute-volume and alveolar air been made we would 
have ovei looked the leal disease and legal ded the whole difficulty as bronchial 
emphysema with nocturnal asthma 

In the cases of Sam B and Mrs L atiopm and epmephnn (adien- 
alm) were given subcutaneously to see if the percentage of C0 2 m their 
alveolar air could be modified One thirty-fifth gram of atropm sulphate 
and 20 minims of 1 1,000 epmephnn were given m each case The C0 2 
content of the alveolai air remained the same m both patients befoie and 
after the use of both atiopm and epmephnn. 

conclusions 

The essential lesult of these observations of pulmonary emphysema is 
the direct evidence that m emphysema the patient suffers from an 
impaired alveolar ventilation of the lung and not from an impairment 
of the lung as the organ of external respiration Furthermore, the evi- 
dence seems very conclusive that the alveolar air constitutes a very dim- 
inished part of the mmnte- volume of air So the mmnte-volnme m any 
given case of emphysema is not a measure of alveolar ventilation This 
diminution of the proportion of alveolar air must be due to an increase 
of the dead space How can we account for an mciease of the dead space 
m pulmonaiy emphysema 9 Can the increase of the dead space he 
explained best by bionclnolar spasm, bronehiolar atony, or swelling of 
the bronchial mucosa 9 Bronehiolar atony, that is, an elongation and 
bioademng of the bronchioles, seems the most consistent with an increase 
of the dead space Bronehiolar spasm or swelling of the bronchial mucosa 
could give an increase of the dead space only by an inspiratory enlarge- 
ment of that portion of the air passage which lies between the alveoli 
and the larynx 4 

I hope in the neai future to present the evidence from some completed 
animal experiments which will throw light on this question. 

In conclusion I wisli to thank Dr Cbauncy Wycoff, former lesident of Lake- 
side Hospital, and Dr L H Taylor, resident physician at Lakeside Hospital, for 
their valuable assistance m this work 

700 Rose Building 

4 Douglas and Haldane suggest the neuromuscular activity of tlie bron- 
cluolar system as a source for enlarging and diminishing the dead space under 
physiological conditions Jour Physiol, Oct 22, 1912, No 4 



A FURTHER STUDY OF THE VENTILATION OF SLEEPING 
CARS (THE STEEL CAR) " 


THOMAS R CROWDER, MD 

CHICAGO 

Two yeais ago I presented befoie the Amencan Public Health Asso- 
ciation the results of a study of the ventilation of sleeping cats 1 An 
attempt was made to determine the amount of fiesh air which enteis the 
running car under various conditions of opei ation, the places of entiance 
of the air, its distribution, and the general dnection of its cui rents Two 
plans of ventilating were consideied m that study, which weie called 
“natuial ventilation” and "ventilation by exhaustion” 

The essential architectural features of the standard Amencan lailway 
car are, as they concern the question under discussion, that it contains 
one long room with end doors opening to vestibules, and side windows, 
and was originally intended to leceive its air supply through a row of 
small windows set m near the roof lme on either side and called deck- 
sashes Part of the cais investigated m the study lef erred to weie 
ventilated in this way, as are still the vast majority of the railway cars 
m this country Since natural forces alone are depended on to induce 
air interchange, this plan was referied to as “natuial ventilation ” 

To the majority of the cars investigated theie had been applied a 
device 2 intended to remove air thiough certain of these upper windows, 
or deck-sashes, by a suction effect dependent on tram motion, all othei 
deck-sashes remaining closed This plan was called “ventilation by 
exhaustion” It would tend to reverse the fresh air currents from a 
downward to an upward direction, instead of an being admitted at the 
top by natural forces through openings provided for that purpose and 
allowed to find its own way out, it would be removed at the top by aiti- 
ficial devices and left to find its own way m That the exhaust apparatus 
actually did what it was mtended to do was easily determined by means 
of the anemometer It was found' that each of these exhaust ventilators 
would remove about 15,000 cubic feet of air each hour at a forty-mile 

*Presented at the XY International Congress on Hygiene and Demography, 
Washington, D C , September, 1912 

^Manuscript submitted for publication Oct 29, 1912 

1 Crowder A Study of the Ventilation of Sleeping Cars, The Archives Int 
Med , 1911, vn, 85 

2 The Garland Ventilator This is described m the Railway Age, 1906, x.li, 
S47, and m the Railway Age Gazette, 1910, 1, 1757 
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tram speed. Sis to eight of them were applied to each car The problem 
then was to determine the manner of entrance of the air, the general 
course of its currents, and the efficiency of the device m maintaining a 
fresh air supply to the breathing zone for the passengers and to the 
occupied berth, and to compare the lesults obtained by the two methods 
of ventilation This was done by determining the respiratory contamina- 
tion of the air of the car as represented by the pioportion of carbon dioxid 
m the air It is well known that from such determinations air supplies 
can be computed 3 with considerable accuracy 

The results of a laige number of observations showed that by the 
application of this exhaust device the active ventilation of the body and 

3 The problem is simple The air supply is inversely as the respnatory 
contamination It may be computed from the following equation 

vp 

A — 

x — N 

where u = the CO, produced by one peison (cu ft per hour), 
p — the number of people m the car, 
x = the proportion of CO, found m the air of the car, 

N = the proportion of CO, in the outside air, 
and A = the air supply to the car (cu ft per hour) 

It is seen that vp is the CO, produced by the occupants and x — jV is the respiratoiy 
contamination We may substitute known values for the letters v and A T m the 
above equation The amount of CO, produced by one person will average very 
close to 0 6 cu ft per houi , and the average proportion of CO, m the air surround- 
ing trains has been found to be very close to 0 0001, or 4 parts m 10,000 
Making the substitution the equation becomes 

0 6 p 

A = 

x — 0 0004 

Completing the computation of air supply for various assumed proportions of CO, 
the results would be, when the space is occupied by one person only, l e , when p 
is the unit 1, as follows 

CO,= 0 0020 (resp contam =0 0016), hourly air supply = 375 cu ft 

C0 2 = 0 0016 (resp contam =0 0012), hourly air supply= 500 cu ft 

C0 2 = 0 0012 (resp contam =0 0008), hourly air supply = 750 cu ft 

CO, = 0 0010 (resp contam =0 0006), hourly air supply = 1,000 cu ft 

C0 2 = 0 0009 (resp contam =0 0005), houily air supply = 1,200 cu ft 

C0 2 = 0 0008 (resp contam =0 0004), hourly air supply = 1,500 cu ft 

C0 2 = 0 0007 (resp contam =0 0003), hourly air supply = 2,000 cu ft 

CO, = 0 0006 (resp contam =0 0002) hourly air supply = 3,000 cu ft 

CO, = 0 0005 (resp contam =0 0001), hourly air supply = 6,000 cu ft 

These same figures apply to a room with any number of occupants provided we 
add “per person” after “hourly air supply” In older for the air to maintain a 
constant respiratory contamination the volume supplied must be multiplied as 
often as we multiply the occupants — the air-supply must maintain a constant 
ratio to the CO, produced Each person will contaminate 1,000 cu ft of air pei 
hour to the extent of 6 parts of CO, m 10,000 of air (and the total C0 2 will be 10 
parts m 10,000) One person will need simply the 1,000 cu ft per hour if the 
contamination is to be held at this level , fifty will need 1,000 cu ft each, or 50,000 
cu ft The estimation of air supply to a car must be based on the total amount 
of CO, produced by all of its occupants 
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beitlis of a sleeping cai is considerably inci cased over and above what 
may be expected from the natuial foices of the wind thiongli the open 
deck-sashes, and that the flow of fiesh an into the cai is moie legular 
and bettei distubuted The many devices about doois and windows 
act as intakes and the tiend of the cuiients is of couise upwaid The 
lespnatory contamination of the an of the bieatlnng zone and of the 
occupied beith remains almost constantly low Carbon dioxid leaches 
a pioportion of ten pails m 10,000 of an with iclative lanty, and the 
computed fresh an supply averages about 2,0 00 cubic feet pei houi foi 
each berth and about 40,000 cubic feet per hour fox the car 

With the adoption of this exhaust system of ventilation as a standaid 
of construction the deck-sashes cease to peiform any impoitant function 
Indeed, they may become a direct lnndiance to the most efficient opera- 
tion of the device They aie of necessdy, fiom their location and the 
method of then opeiation, loose fitting -windows which furnish large 
cieuces foi an leakage Since these devices are located very neai the 
outlets of the exhaust ventilators, the an entenng tlnough them is liable 
to be drawn dneetly out again and to play no part m effecting air 
lenewal of the breathing zone Fuitheimore, it tends to pi event an 
being diawn upwai d fiom the window devices located below and the 
effective i enewnl of the air of the lowei lev els That such short-cncuiting 
does take place was shown m the study icfened to whereas by actual 
measure, some 80,000 cubic feet of an leaves the cai each hour tlnough 
the exhaust ventilator openings, there is only about 40,000, as computed 
from C0 2 deteimmations, supplied to the bieatlnng zone The difference 
between the aeration of the breathing zone and the total an supplv is 
not so great, however, as these figures would seem to indicate, since it is 
well known that C0 2 determinations geneially give an air supply which 
is under rather than over the actual Fuitheimoie, the estimate of total 
air outflow is here based on a constant foity-mile speed, wheieas the 
estimates from C0 2 include all rates of running as well as short stops 
The study from which the foregoing is diavvn w r as made on the 
standaid Pullman sleeping car of wooden constiuction The exhaust 
ventilator considered was applied to cars which had been previously m 
seivice and had been originally ventilated by the natuial or deck-sash 
method Since the completion of that study the all-steel sleeping car has 
come into extensive use These cars are all equipped with exhaust 
ventilators m the building, and for the reasons stated above the deck- 
sashes are omitted, or, if not entirely omitted, the3 r aie reduced from 
twenty-four to foui, and these four are very small Only electneity is 
used for lighting, this avoids the necessity of making openings through 
the roof to cairy away the combustion gases of burning lights The 
uppei portion of the car is almost entirely free from natural openings 
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It is theiefore readily seen that whatevei air enters these cars must come 
fiom crevices about windows and doois located low down Fiom this it 
would naturally follow that the lower levels of the car receive a largei 
air supply than with the older type of construction It is not considered 
a matter of great hygienic importance whether they do or do not, no 
increase m the air supply is demanded on hygienic grounds, but in. Older 
to have some adequate information as to what actually does take place 
and to he able to make accurate comparisons, a series of thnty-six steel 
cars weie investigated during the first two months of 1912 

The methods used m the investigation of these cars are the same as 
those previously employed They are fully outlined m the original 
paper, 1 to which those interested are lef erred Samples of the air to be 
examined weie collected m glass-stoppered bottles, sealed, and were 
analyzed m the Petterson-Palmquist apparatus for the determination of 
carbon dioxid An was collected from the center aisle, m ordei to 
determine the lespiratory contamination of the general air of the car, 
and fiom lower and upper berths m ordei to determine the respiratory 
contamination of the an within them From these contaminations air 
supplies have been computed as has been previously explained 3 

All the observations m the ears included m the piesent series weie 
made dunng the night, after the passengers had retned The time 
langed from 11 00 p m to early morning The outside temperature 
varied from OF to 36 F ^ it was geneially as low as 20 F Samples 
were taken as nearly simultaneously as possible m the aisle and m fiom 
three to six berths, samples from the same places weie repeated at 
approximately fifteen minute mteivals for one or two hours This was 
done m order to obtain general averages, which are moie important and 
give much more dependable information of the condition of the air than 
single observations or short series From the latter erroneous conclusions 
are very likely to be diawn It must be recognized that m any lunning 
cai the conditions aie liable to rapid and relatively gieat variation 
Minimum actual rates of an supply, hence degrees of respiratoiy con- 
tamination, alternate with maximum actual rates, and these mm im iuns 
and maximums may lie a considerable distance apart They represent 
tempoiary and local, not continuous and general, conditions General 
aveiages are much more significant 
\ 

GENERAL RESULTS 

In Table 1 are assembled the more important items concerning the 
general an of the cars examined The air tests recorded m this table 
refer only to the samples collected from the car body, and not to those 
collected fiom the beiths The air supply as computed is expressed to 
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the nearest thousand m terms of cubic feet pei car per houi It is that 
volume which would keep the C0 2 at the aveiage proportion found m 
the air of the car if the number of occupants did not change 


Table 1 — Deter minations of the Ventilation or Steel Sleeping Cars 
Equipped with Exhaust Ventilators 


CD 

a 

H 

H 

<D 

V 

H 

Name of Car 

lemp E 

No of 
People 
m Cai 

CO- 

per 10,000 of Air 

Approx 

Hourly 

Air 

Supply 

No of 
Tests 

A\er- 

age 

E\ti ernes 

Out 

In 

Mm 

Max 

1 

Creslieim 

i«| 

52 


6 

5 50 

4 5 

60 

BUH 

2 

Millard* 

36 

60 


S 

5 25 

4 5 

65 

IB ||| 

3 

Brightwood* 

10 

56 


7 

GOO 

50 

70 

Mg; nil! 

4 

Thurston 

30 

56 


7 

6 79 

60 

85 

K n • ?yy 

5 

Spaiksf 

34 

60 


10 

5 45 

4 5 

70 

Sim? 

6 

Ci eslieim* 

20 

58 

19 

11 

5 82 

50 

75 

B nil! 

7 

Parkerton* 

24 

61 

10 

9 

5 28 

45 

60 

SB | ! r7 

8 

Bridgeport* 

24 

60 

10 

8 

5 56 

45 

65 


9 

Millardi 

26 

59 

14 

9 

4 77 

45 

55 


10 

Lemayrj: 

26 

60 

15 

9 

4 72 

45 

50 


11 

Amsden 

30 

60 

18 

mm 

6 00 

50 

80 


12 

Walworth 

30 

63 

17 

Wm 

5 71 

50 

80 


13 

Thurston 

24 

54 

19 

mm 

6 57 

60 

70 


14 

Moorfield 

24 

60 

18 

mm 

5 93 

55 

65 


15 

Bogero 

20 

58 

12 

wm 

5 21 

45 

55 


16 

Somena 

20 

58 

16 

Wm 

5 50 

50 

60 


17 

Wawa 

30 

62 

18 

9 

6 39 

55 

95 


18 

Nepperhan 

24 

63 

18 

mm 

5 79 

50 

70 


19 

Monteith 

24 

58 

16 

■a 

6 36 

55 

70 


20 

Ship Hoad 

6 

60 

12 

Wm 

5 14 

45 

60 


21 

Hyndnian 

6 

GO 

8 

H 

4 79 

45 

5 5 

57,000 

22 

Thurston§ 

6 

58 

26 

mm 

7 21 

60 

95 

H i 

23 

Boseton§ 

6 

60 

22 


8 13 

75 


■is * 1 nil 

24 

Colfax 

16 

60 

16 

6 

5 92 

50 

80 

w! i till 

25 

Dorrance 

16 

60 

17 

5 

6 40 

50 


me* " i ffs ; 

26 

Oncluota 

24 

60 

15 

5 

5 20 

45 

60 

IK " i tii 

27 

Canfield 

24 

60 

21 

5 

7 10 

60 

80 

41,000 

28 

Can others 

0 

58 

15 

6 

5 83 

6 0 

65 

49,000 

29 

Wawa 

0 

58 

14 

6 

6 66 

5 5 

80 

33,000 

30 

Elkland 

8 

56 

20 

5 

6 30 

55 

75 

52,000 

31 

Oncluota 

8 

56 

15 

6 

6 25 

55 

70 

40,000 

32 

Middletown 

8 

68 

12 

3 

5 33 

50 


54,000 

33 

1 Josslyn 

20 

62 

15 

5 

5 30 

50 


69,000 

34 

I Halleck 

20 

62 

12 

6 

5 08 

45 

60 

67,000 

35 

Millaid 

12 

58 

12 


5 07 

5 0 

55 

74,000 

36 

Henefer 

12 

60 

10 

H 

4 93 

45 

60 

65,000 


36 cais 



16 2 

246 

5 78 

45 

95 

54,600 


■^Drop-sashes of end doors open 3 inches (see note 4) 
yDrop-sasli of rear door open 12 inches (see note 4) 
JDrop-sashes of end doors open 24 inches (see note 4) 
§Tram running directly with a strong wind 
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The observations fiom which Table 1 is compiled may be summarized 


as follows 


Cars -examined 
Average number of occupants 
Number of air samples analyzed 
Average number of samples per car 

Aveiage carbon dioxid 
Highest average C0 2 m any car 
Lowest average C0 2 m any car 
Highest C0 2 m any sample 
Lowest C0 2 in any sample 

Numbei samples showing C0 2 ovei 10 
N um ber samples showing C0 2 over 8 
Number samples showing C0 2 over 7 
Number samples showing C0 2 ovei 6 
Number samples showing C0 2 6 or less 


36 
16 2 
246 
6 86 

5 78 10,000 

8 13 10,000 
4 72 10,000 

9 5 10,000 

4 5 10,000 


10,000 

0 

( 0 00%) 

10,000 

5 

( 2 03%) 

10,000 

20 

( 8 13%) 

10,000 

56 

(22 76%) 

10,000 

190 

(77 24%) 


Aveiage hourly air supply per car, cu ft 
Highest hourly air supply for any cai, cu ft 
Highest excepting Nos 9 and 10, 4 cu ft 
Aveiage excepting Nos 9 and 10, 4 cu ft 
Lowest hourly an supply for any cai, cu ft 


54,600 

125,000 

75.000 

53.000 

32.000 


Numbei of cais showing less than 40,000 cu ft per hour, 3 


(8 33%) 


The average air supply to the breathing zone of the steel sleeping car, 
as computed from the average proportion of C0 2 and the average number 
of occupants m the thirty-six cars examined, is found to be approximately 
54,600 cubic feet per hour, as above stated, or, m those ears kept entirely 
closed, even to drop-sashes m the end doors, 4 53,000 cubic feet per hour 

4 The end doors of the car are fitted with small sliding windows, which may 
be lowered from the top and held at any level by a catch These windows are 
commonly referred to as “drop-sashes ” In regular service it is customary to 
maintain a variable opening of these windows m order to facilitate the entrance 
of fresh an from the vestibule Dui mg the first ten experiments they were let 
alone as found, m all later experiments they were purposely kept closed while 
observations were being made 

An examination of Table 1 will show that only twice, namely, m Expei iments 9 
and 10, was the air supply maikedly affected by these open drop-sashes, and m 
these cais the sashes were opened widely These two cars w r ere on the same tram 
and air samples fiom the two were collected at approximately the same time 
The air supply m these two instances is so greatly increased as to show a consid- 
erably highei average air supply and lower C0 2 for the small group of eight cars 
which had some opening of the drop-sashes, than for the others m which there was 
no opening at all The averages for the eight cars are C0 2 , 5 34, occupants, 14 7, 
equivalent air supply, 65,900 cu ft per hour The averages for all other cars, 
which had no openings m the end doois, are C0 2 , 5 90, occupants, 16 8, equiva- 
lent an supply, 53,000 cu ft per hour Leaving out of consideration only Nos 9 
and 10 the other thirty-four cars show the following averages C0 2 5 85 , occupants 
16 3 , air supply 53,000 cu ft pei hour It is seen that the final results are 
affected only slightly by including m the general averages the findings m these 
two cars 

The general averages as above noted and as used throughout are found by 
adding together all single observations and dividing by the total number, and not 
by adding the car averages The two methods will often give slightly different 
lesults, but the difference has never been found great enough to make material 
changes 
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Table 2 — Determinations or the Ventilation or the Louer Berths or Steel Sleeting Cars 
i Eqlifped t\ith Exhaust Ventilators 


l - 


! 

Name of Cai 

Temp F 

No of People 
m Cai 

Aisle 

Low ei Bei ths 

c Jc* ^ 
«-< 

& u 
Stop 

a 

si 

£>© 

C3 

3 o 

◄ 

Extiemes 

No Ex- 
amined 

Total No 
of Tests 

Average CO. 
per 10,000 

Extiemes 

- to 
cj o 

o 

O 0 - 

u> r ~ l 

m oi 

Cf rH 

CH 

Tests Over 
10 10,000 

5 



/ 

C* 

k~ . 

r? 

r* 

Pi 

✓ 

a 

f< 4 

Cresliemi 

12 

52 

16 

5 50 

45 

6 0 


24 

5 73 

4 5 

70 

0 

0 

■ j ] 

Millard* 

36 

60 

15 

5 25 

4 5 

6 5 


32 

6 04 

4 5 

10 0 

0 

0 

Hpi! 1 ! 

Bnglitwood” 

10 

56 

15 

6 00 

50 

7 0 


28 

6 06 

50 

90 

0 

0 

i 

Thurston 

30 

56 

2S 

6 79 

6 0 

S3 

3 

21 

7 12 

5 5 

10 5 

0 

1 


Sparhsy 

34 

60 

18 

5 45 

4 5 

70 


30 

6 18 

4 5 

95 

0 

0 

H? £ 

Greslieim* 

20 

58 

19 

5 82 

5 0 

75 


44 

0 69 

50 

9 5 

0 

0 


Parkerton* 

24 

61 

10 

5 2S 

45 

60 

3 

27 

6 07 

45 

80 

0 

0 

Hiifii 

Bridgepoi t' 

24 

60 

10 

5 56 

45 

6 5 

3 

22 

7 03 

50 

90 

0 

0 

p 5 S 

Millard % 

26 

59 

14 

4 77 

4 5 

5 5 

3 

27 

6 06 

5 0 

10 0 

0 

0 


Lemayt 

26 

60 

15 

4 72 

4 5 

5 5 

2 

18 

0 06 

50 

75 

0 

0 


Amsden 

30 

60 

IS 

6 00 

50 

so 

2 

14 

7 36 

5 0 

14 0 

1 

1 


Walw ortli 

30 

63 

17 

5 71 

50 

so 

3 

21 

7 64 

45 

14 0 

1 

4 


Thurston 

24 

54 

19 

6 57 

6 0 

70 

3 

21 

9 02 

7 5 

10 5 

0 

1 


Moorfield 

24 

60 

18 

5 93 

55 

65 

3 

21 

6 62 

6 0 

90 

0 

0 


Bogeio 

20 

58 

12 

5 21 

45 

55 

4 

28 

6 41 

50 

80 

0 

0 


Somena 

20 

58 

1G 

5 50 

50 

60 

2 

14 

6 64 

55 

80 

0 

0 


Wawa 

30 

62 

18 

6 39 

5 5 

95 

3 

27 

7 55 

50 

115 

0 

2 


Neppeihan 

24 

63 

18 

5 79 

5 0 

70 

3 

21 

6 09 

50 

Eu 

0 

0 


Monteith 

24 

58 

16 

6 36 

55 

70 

4 

28 

7 52 

55 

EH9 

0 

2 


Ship Road 

6 


12 

5 14 

45 

00 

4 

28 

6 33 

45 

85 

0 

0 


Hyndman 

6 

60 

S 

4 79 

45 

55 

4 

28 

6 36 

45 

11 5 

0 

1 


Thurston§ 

6 

58 

26 

7 21 

60 

95 


2S 

9 25 

70 

12 5 

1 

5 


Roseton§ 

6 

60 

22 

8 13 

75 

85 


16 

9 22 

75 

10 5 

0 

1 


, Colfax 

16 

60 

16 

5 92 

50 

80 


24 

7 01 

55 

10 0 

0 

0 


Dorrance 

16 

60 

17 

5 40 

5 0 

55 


20 

5 85 

55 

65 

0 

0 


Onchiota 

24 

60 

15 

5 20 

45 

60 


20 

5 55 

45 

65 

0 

0 

3870 

Canfield 

24 

60 

21 

7 10 

60 

80 


20 

7 81 

5 0 

95 

0 

0 

§§9Mryl 

Carrothei s 

0 

5S 

15 

5 83 

50 

6 5 


24 

6 31 

50 

9 0 

0 

0 


Wawa 

0 

58 

14 

6 66 

5 5 

80 


24 

6 93 

50 

90 

0 

0 


Elkland 

S 

56 

EH 

FiT; m 

55 

75 


20 

7 01 

5 0 

90 

0 

0 


Onchiota 

8 

56 

15 


55 

70 


24 

6 89 

55 

80 

0 

0 


Oddletown 

8 

68 

12 

■ jj 

KQ 

5 5 


12 

6 50 

55 

75 

0 

0 


^slyn 

20 

62 

15 


IrV 

5 5 


20 

5 91 

50 

65 

0 

0 

3140 

j.alleck 

20 

62 

12 


45 

60 


24 

6 85 

50 

10 0 

0 

0 

muii 

Millard 

12 

58 

12 

Kf} fa 

5 0 

55 


28 

6 21 

50 

75 

0 

0 


Henefer 

12 

60 


4 93 

45 

60 


28 

5 91 

50 

8 5 

0 

0 

Ha 

36 cais 



16 2 

5 78 

45 

95 

128 

856 

6 76 

45 

14 0 

3 

18 

2170 


*Drop-sashes of end doors open 3 inches (see Note 4) 
-fDrop sash of rear door open 12 inches (see Note 4) 
JDrop-sashes of end doors open 24 inches (see Note 4) 
§Train running directly With a stiong Mind 
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This compaics vith 40,600 cubic feet per hour fox the older type of cai, 
equipped with the same ventilating device, but maintaining the deck-sash 
construction, and with 28 300 cubic feet pel hour for cars having the 
ordinary deck-sash ventilation The results m the steel caT are also moie 
uniform and more legular, as will be found by consulting the detailed 
results of the first group of expenments 1 The complete comparative 
averages may be giouped as follows 


A Wood Cais ( with DecL-Sash Const? notion) 


1 Natural ventilation (deck-sash method) 
a Fully closed car 

b With open deck-sashes 
c With open deck-sashes and open end doois 

2 Exhaust ventilation (the exhaust method) 
a Fully closed cai 

b With open doois 

B Steel Cais (Const) ucted Without 
Exhaust ventilation 
a Fully closed cai 

b With open diop sashes m end doors* 


Deck 


18 500 

cu 

ft 

per 

hour 

28,300 

cu 

ft 

per 

hour 

40,700 

cu 

ft 

per 

hour 

40,600 

cu 

ft 

per 

hour 

57,900 

cu 

ft 

pei 

hour 

-Sashes) 




53,000 

cu 

ft 

per 

hour 

65,900 

cu 

ft 

pei 

houi 


Any or all of these figures might be changed by longer senes of 
observations Tor most of the groups it is believed a sufficient numbei 
have been made to insure the relative correctness of the results obtained 


THE LOWER BERTH 

In Table 2 aie assembled the observations m lower berths and com- 
parisons with the air of the aisle taken at the same time It will be noted 
that the experiments recorded m this table are the same as those pre- 
sented m Table 1, and that they covei all the cars investigated The air 
supply per berth, as computed, is the number of cubic feet which must 
be supplied to one peison each hour m order to maintain the C0 2 at the 
average proportion found The berths included m this list were each 
occupied by one adult 

The observations from which Table 2 is compiled may be summarized 
as follows 


Cars m which lower berths were examined 36 

Number of lower berths examined 128 

Average number of lower berths per cai 3 56 

Total number of air samples from lowei berths 856 

Average number of lower berth samples pei car 23 78 

Average number of samples per berth 6 53 

Average C0 2 m air of car body 5 73 10 000 

Ai erage CO, m air of lower berths 6 76 10 000 

Highest average CO, m lower berths of any car. 9 25 io’oOO 

Lon est average CO, m lower berths of any car 5 55 lojoOO 

Highest CO, m any lower berth sample J 4 10 000 

Lon est CO, m any lower beith sample 45 iq’oOO 
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Number L B samples showing CO, over 12 10,000 
Number L B samples showing C0 2 over 10 10,000 
Number L B samples showing CO. over 8 10,000 
Numbei L B samples showing CO, ovei 7 10,009 
Number L B samples showing CO, over G 10,000 
Number L B samples showing CO, G or less 10,000 

Number L B with higher CO, than aisle at same time 
Number L B with lowei CO, than aisle at same time 
Number L B with CO, equal to aisle at same time 

Average hourly air supply per lower berth, cu ft 

Highest average hourly air supply to L B of anj car, cu ft 

Lowest average hourly air supply to L B of any cai, cu ft 

Number cars showing average of less than 1500 cu ft per L 
houi, 3 r 


3 

( o 

35%) 

18 

( 2 

10%) 

137 

(1G 

00%) 

238 

(27 

80%) 

47G 

(55 

01%) 

380 

(44 

39%) 

G58 

(7G 

87%) 

G8 

( 7 

95%) 

130 

(15 

19%) 



2170 



3870 



1140 

B per 



(8 

33%) 


On the basis of 856 caibon dioxid deteiminations m the air of 126 
lower berths in thirty-six steel sleeping ears equipped with exhaust 
ventilatois, the aveiage air supply per beith is found to he approximately 
2 170 cubic feet per hour Tins compares with 2,030 cubic feet for the 
lower berths of the older type of cais equipped with the same ventilating 
device, and v ith 1,390 cubic feet m cais "ventilated by the deck-sash 
method 1 


THU UPPER BERTH 

Table 3 lecoids the obseivations made m upper berths and com- 
parisons with the air of the aisle taken at the same time The items 
included are the same as those for the lowei beiths m the pieced mg table 
The lesults of examination of uppei berths may he summarized as 
follows 


Cars m w r hicb upper berths were examined 21 

Numbei of upper berths examined 30 

Average numbei of upper berths pei cai 1 43 

Total number of air samples from upper berths 207 

Average number of upper berth samples pei cm 9 8G 

Aveiage number of samples per berth G 9 

Average CO, m air of car body 5 86 10,000 

Average CO- m air of upper berths 7 00 10,000 

Highest aveiage CO. m upper berths of any cai 8 70 10,000 

Lowest average CO, m upper beiths of any car 5 44 10,000 

Highest CO. m any upper berth sample 11 5 10,000 

Lowest CO, m any upper berth sample 4 5 10,000 


5 These figures may be converted into terms of air supply Bor every pro- 
portion of CO, m the air there is an equivalent hourly air supply When the CO, 
is 6 per 10,000 there is a dilution of the expired air which would be maintained by 
3,000 cubic feet of fresh air per hour, when the pioportion of CO, is less than 6 
per 10,000 there must be more than 3,000 cubic feet per hour The conversion gives 
the following results 

Lower berth tests showing 3000 or more cu ft per hour 44 39% 

Lower berth tests showing 2000 or more cu ft per hour 72 20% 

Lower berth tests showing 1500 or more cu ft per hour 84 00% 

Lower berth tests showing 1000 or more cu ft per hour 97 90% 

Lower berth tests showing 750 or more cu ft per hour 99 65% 

6 These cars were Nos 13, 22 and 23 The lest two were on the same tiam 
and samples were taken m them at approximately the same time The tram was 
running directlv with a strong wind Nos 13 and 22 are the same car, on 
different trips 
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Numbei U B samples showing C0 2 over 12 10,000 

Number U B samples showing CO. over 10 10,000 

Number U B samples showing C0 2 over 8 10,000 

Number U B samples showing C0 2 ovei 7 10,000 

Number U B samples showing C0 2 over 6 10,000_ 

Number U B samples showing C0 2 6 or less 10,000 T 

Number U B with higher C0 2 than aisle at same time 
Number U B with lower C0 2 than aisle at same tune 
Numbei U B with C0 2 equal to aisle at same time 

Aveiage hourly air supply per upper beitli, cu ft 

Highest average hourly air supply foi U B of any car, cu ft 

Lowest average hourly an supply for U B of any cai, cu ft 

Number of cars showing average of less than 1,500 cu ft per U 
lioui, 2 


0 { 0 00 %) 
5 ( 2 42%) 
34 (16 43%) 
83 (40 10%) 
139 (67 15%) 
68 (32 84%) 
182 (87 92%) 
13 ( 6 28%) 
12 ( 5 80%) 


B per 


(9 52%) 


Table 3 


Name of Cai 



-Determinations oe the Ventilation of the Upper Berths of Steel Sleeping Cars ' 
Equipped with Exhaust Ventilators 


Uppei Berths 



12 52 16 

36 60 15 

10 56 15 

30 56 28 
34 60 18 

20 56 19 

26 60 15 

30 GO 18 
30 60 

24 54 

24 60 

20 58 

30 62 

24 62 I 

6 58 

16 60 
24 60 15 

24 60 21 

S 56 20 

20 62 15 

20 62 12 


Extremes 

s 

g 

5 5 

6 5 

50 

10 5 

60 

8 5 





115 0 5 


*Drop-sashes of end doors open 3 inches ( see Note 4 ) 
- t Di op-sash of rear door open 12 inches (see Note 4) 
tDi op-sashes of end doors open 24 inches (see Note 4) 
Vfiain i unmng dnectly with a stiong wind 


7 Convethng these figures mto teims of air supply, as m Note 5 
Upper beith tests showing 3000 or moie cu ft per houi, 32 84% 

Upper berth tests showing 2000 oi moie cu ft per hour,' 59 90% 

Upper berth tests showing 1500 oi more cu ft pei hour, 83 57% 

Upper berth tests showing 1000 oi moie cu ft per hour, 97 58% 

Upper berth tests showing 750 or more cu ft per houi, 100 00%> 
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On the basis of 207 eaibon dioxid detenu matrons m 30 nppei beitbs 
of 21 steel sleeping cais equipped with exhaust ventilatois, the aveiage 
an supply per berth is found to be appioximately 2,000 cubic feet per 
hour Tins compaies with 1,880 cubic feet foi the uppei beitbs of the 
older type of cais equipped with the same ventilating device, and with 
1,270 cubic feet in cars ventilated by the deck-sasli method 1 


COMPARISON OF LOU HR AND UPPER BERTHS IN THE SAME CAR 

We are able to compaie the ventilation of the lowei and uppei berths 
in all of the twenty -one cais m which upper berths were investigated 
The companson foi each cai is shown m Table 4 

It will be seen fiom this table that the ventilation of lowei s and 
uppers is, on the average, much the «ame It is relatively rare for the 


Table 4 — Comparison or Tim Ventilation or Lower and Upper Berths in 
Sxlel Sleeping Cars Equipped vv ira E\n vust Ventilators 


*— » 
o 

CJ 

s 

Name of Car 

CO, pci 10,000 of Air 

Equivalent 
Hourlj Air 
Supply 
per Berth 

Aisle 

Low ei s 

Uppei s 

Av er 
CO. 

No of 

1 e«ts 

Avei 

CO, 

No of 
r J ests 

Av ei 
CO, 

Low ei 

Uppei 

1 

Cresheim 

a 50 

24 

5 73 

6 

6 0S 

3470 

1 

'2 

Millard 1 " 

5 25 

32 

6 64 

S 

6 50 

2270 

■ 

3 

Bnghtwood* 

6 00 

28 

6 66 

7 

6 79 

2250 


4 

Thurston 

6 79 

21 

7 12 

7 

8 36 

1920 


D 

Sparksy 

5 45 

30 

6 18 

20 

6 68 

2750 


6 

Cresheim' 1 

6 82 

44 

6 69 

11 

6 82 

2230 


10 

LeinayJ 

4 72 

18 

6 00 

9 

5 44 

2910 


11 

Amsden 

(> 00 

14 

7 36 

14 

6 96 

1790 


12 

Walworth 

5 71 

21 

7 64 

7 

6 29 

1650 


13 

Thurston 

6 57 

21 

9 02 

7 

7 79 

1200 


14 

Moorfield 

5 93 

21 

6 62 

7 

7 43 

2290 


16 

Somena 

5 50 

14 

6 64 

14 


2270 


17 

Wavva 

6 39 

27 

7 55 

18 

7 77 

1690 


18 

Nepperhan 

5 79 

21 

6 09 

7 


2870 


22 

Thurston§ 

7 21 

28 

9 25 

7 

7 79 

1140 


24 

Colfax 

5 92 

24 

7 01 

12 

7 42 

1990 


26 

Onchiota 

5 20 

20 

5 55 


5 75 

3870 


27 

Canfield 

7 10 

20 

7 81 

HI' 


1570 


30 

Elkland 

6 30 

20 

7 01 


7 85 

1990 


33 

Josslyn 

5 30 

20 

5 91 


6 45 

3140 


34 

Halleck 

5 08 

24 

6 85 

6 

0 25 




21 cars 

5 86 

492 

6 93 

207 

7 00 

2050 

2000 


Drop sashes of end doors open 3 inches (see Note 4) 
TDrop sash of rear door open 12 inches (see Note 4) 
fDrop-sashes of end doors open 24 inches (see Note 4) 
§Tram running directly with a strong wind 
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average an supply of the two to fall far apart. If one is high the other 
is high , if one is low the other is low The general averages show results 
which would indicate that the lower receives slightly more air than the 
upper, hut the difference is almost trifling In thnteen cars the lower 
received the gieater air supply, m eight cars the upper received the 
greater supply This runs m part counter to the findings of the previous • 
study, 1 where m every car the lowers were found to receive a little moie 
air than the uppeis In that series there were only five cars m which this 
comparison could he made 

The simultaneous averages of CO 2 in the air of two to four lowers and 
m one 01 two uppeis m the same car can be compared 148 times The 
average proportion of C0 2 m the air of the lowers was less than m the 
uppers 83 times (56 1 per cent) , it was greater 58 times (39 2 per cent ), 
and they were equal 7 times (4.7 pei cent ) 

The proportion of C0 2 m the air of the individual lower and upper 
beiths m the same section, the samples being taken at approximately the 
same time, can be compared 185 times The lower berth had less C0 2 
than the uppei 96 times (51 9 per cent ) , it had more than the upper 62 
times (33 5 pel cent ), and they were equal 27 times (14 6 per cent ). 
The air supply is, of couise, inversely as these proportions of C0 2 , the 
lower had a greater air supply than the uppei m 51 9 per cent , a less 
air supply than the upper m 33 5 pei cent , and they weie momentarily 
equal m 14 6 per cent of the cases 

The upper beith has no window opening into it The edge of the 
berth is about on a level with the top of the window There is a space of 
about one-half inch between the edge of the beith and the wall — a total 
open space of about 36 squaie inches Through this wide crevice the 
uppei berth receives much of its air supply, which must then pass inward 
and upward acioss the beith and its occupant toward the ventilator exits. 

GENERAL CO MR ARISONS 

We may here bring together the comparative results foi the car body 
and the lower and upper berths m the three classes of cars The general 
aveiages of C0 2 and the computed air supplies are as follows 

A Wood Cars {with Dech-Sash Construction) 

1 Natural ventilation (Deck-Sash Method) 

Body of car C0 2 = 7 32, air supply to car =29,700 cu ft pei hour 
Lower berth C0 2 = 8 32, air supply per beith = 1,390 cu ft per hour 

Upper berth C0 2 = S73, air supply per berth = 1,270 cu ft per hour 

2 Exhaust -ventilation (The Exhaust Method) 

Body of car C0 2 = 6 33 , air supply to cai = 40 600 cu ft per hour 

Lower berth C0 2 = 6 96 , air supply per berth = 2,030 cu ft per hour 

Upper berth C0 2 = 7 19 , air supply pei berth = 1,880 cu ft per hour 
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B Steel Cars (Const) acted without DccL-Sashts) 

Exhaust ventilation 

Body of car CO ; = 5 90/ air supply to cai =53,000 cu ft per hour 

.Lower berth CU ; = G7G, an supply per beith = 2 170 cu ft per hour 

Upper berth CO» = 7 00 , air supply pci berth = 2,000 cu ft per hour 

The compai isons made in the piecedmg summaiy will he made cleaiei 
by consulting Chait 1, m which the C0 2 and the equnalent hourly an 
supplies per peison aie giouped foi the tlnee classes of cais, showing 
then relations as established by a study of the an of the aisle, the lowei 
berth, and the upper berth, respectively 0 

The preceding determinations of C0 2 and computations of an supply 
lefer to the running cai When a tiam stops the actrve ventilation is 
much reduced and the C0 2 uses It may finally reach a maximum of 
20 volumes m 10,000, though it usually stops around 15 This use m 


CARBON DIOXID 

VOLUMES PER 10,000 OF THE. AiR 

9 6 7 6 5 


KIND Or CAR 

METHOD 

or 

VTNTH-ATIHG 


o 


AIR SUPPLY 

CUSiC FEET PER TEESOH PER HOUR 

1000 2000 5000 


UPPER BERTH 


8 73 



\\ OOD 

BrCK 3ASH 



1270 


7 19 


WOOD 

EXHAUST 


I860 


7 00 


STEEL 

EXHAUST 


2000 


LOWER BERTH 


8 32 



V OOD 
orcir. lAsrt 


1390 


6 96 


WOOD 

CXHAU S T 



2030 


6 76 


STEEL 

EXHAUST 


2170 


BODY OF CAR 


7 32 



WOOD 

DECX SASH 



1810 


6 33 


WOOD 

EXHAUST 


2570 


m 


STEEL 

EXHAUST 


3160 


Chart 1 — Comparative C0 2 and air supply of the berths and aisle m steel cars 
with exhaust ventilation, and m wood cais with exhaust and natuial ventilation 


the C0 2 is generally detected within a very short time — one 01 two 
minutes On starting again the air supply is increased and the C0 2 falls 
rapidly In woikmg out the series of observations presented m this and 

8 This figure applies to cais which have no opening of the drop sash m end 
doors (see Note 4), as the equnalent figures m the other gioup apply to cais 
with closed doors The windows are closed m all cases 

9 Stnctly considered there is no pioper comparison of the aisles as set forth 
m this chart, because the number of passengers varied for the different classes 
of cars, and as this number varies the CO a and the volume of an per peison will 
also vary in like ratio, with any given air supply to the car The variation m 
the average number of passengers for the diffeient classes was, however, so small 
as to make this direct compai ison allowable In the steel cars from which the 
figures are drawn the average was 16 3, in the wood cars with exhaust ventilation 
15 7, and m the uood cars with natural ventilation 16 4, from which it is seen 
that the compai ison is coneet to within a small fraction This is not gi eater 
than the unavoidable erroi of obseivation 


























THOMAS R CROWDER 


79 


the previous study no attention was paid to stops lasting up to four or 
five minutes , samples taken after those of longer duration have been 
diopped out of consideration Had attention been confined strictly to 
the ru nnin g car the results would be changed slightly; the C0 2 would be 
a little lower and the equivalent air supply proportionately higher 

As a general rule it is found that the C0 2 m the air of the berths and 
m the air of the aisle follow each other consistently m successive determi- 
nations, that of the berths averaging a little higher, as would be expected 
from the fact that the inflowing an from end passageways is not likely to 
enter them, but to be mixed m the aisles with the contaminated air that 
flows out from them This consistency is well shown m Chart 2, m which 
Experiments 5 and 6, selected because they show the longest series of 
determinations, are graphically represented The relation represented m 



Chart 2 — Giaphic repi esentation of Experiments 5 and 6, showing consistent 
relation of CO, in aisle and berths The lowei heavy line represents the findings 
m the aisle, the uppei heavy line the average m tl e beitlis, and the broken lines 
the findings m individual berths The relation shown here is that which is 
usually found 

this chait is that which generally obtains, though it occasionally happens 
that the findings are so vaned as to show little if any of such consistency 
By far the most striking example of this I am able to produce is shown 
m Chart 3, m which Experiments 11 and 12 are represented These two 
cars weie on the same tram and were examined at approximately the 
same time. Two lower berths are here represented m which the CCh 
momentarily reached U parts per 10,000 of air, the only instances but 
one m which it passed 12 It should be noted also that lower berth seven, 
shown at the right, shows the highest average C0 2 (10 71 per 10,000) of 
any berth of the whole series It is the only one reaching an average of 
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10 paits pel 10,000, except one berth m Expemneni 22 , uheiem they all 
ran. much above the general average 

From what has preceded it is seen that the an supply to the breathing 
zone of the steel cai, constructed without deck-saslies, is matenally 
mcieased ovei that of cars similaily equipped as to exhaust ventilating 
devices, but built with deck-sashes m the ordinary way This increased 
ventilation is much moie noticeable m the an of the aisles than m that 
of the berths, it lesults m a someuliat gieatei difference between the 
average CO, of the aisle and beitlis than uas found m tlie previous senes, 



ChcUt 3 — Graphic repi esentation of Evpenments 11 and 12, showing inconsis- 
tent relation of CO, m aisle and berths The louei heavy line connecting open 
circles represents the findings in the aisle, the upper heavy line the average for the 
beitlis The lighter lines represent individual berths 

which is interpreted to mean that more an flows fiom the end doors and 
passageway windows into the body of the car by leason of there being no 
crevices at the top to supply the exhaust demand of the ventilatois It 
is probable that the power of exhaustion developed by these ventilators 
is very slight as measured by differences of the internal and external 
barometric piessure They no doubt act inanity by famishing a ready 
exit and continuous outflow of that an foiced m by the wind, preventing 
its damming back near the places of entrance In this way a constant 
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upward movement of the incoming air is assured, and this leads to a 
constant and equalized renewal of the air in the lower levels 

HYGIENIC CONSIDERATIONS 

The principles which should govern the application of ventilating 
procedures, and the more important experimental evidence on which 
these are based, have been previously discussed 10 It is not necessary to 
make further reference to the history and literature of the subject in 
this place 

Until very recent years our knowledge of the hygienic principles of 
ventilation has been exceedingly imperfect, and our opinions largely 
erroneous It must be confessed that the subject is still in a rather 
chaotic condition, but order is beginning to come out of this chaos, if 
indeed it is not already fully established for those who have carefully 
studied the excellent experimental work of many investigators who have 
busied themselves to answer questions concerning w r hy we must ventilate, 
what are its effects, how are these produced, and on what failures depend. 
Failures there have been without number, and these, too, when, according 
to the hygienists, the requisite quantity of pure air was introduced It 
took the physiologists to answer our questions and to rid us of old and 
erroneous conceptions The subject has been most clearly set forth, and 
much new experimental evidence has been added, m a recent communi- 
cation to the Koyal Society of Arts by Professor Leonard Hill, 11 of 
London 

On the basis of well controlled experiments, the following statements 
seem to be entirely warranted . 

I All trustworthy evidence goes to show that the normal expired air 
contains no volatile poison 12 and that it is not capable of ha rm -m g the 

10 In the article referred to in Note 1 and m the Report of the Committee 
on the Ventilation of Cars, Transactions of the Section on Preventive Medicine 
and Public Health of the Am Med Assn , Chicago, 1911, p 177 

II Hill and Flack The Influence of Ozone in Ventilation, Jour Royal Society 
of Arts, London, Feb 9, 1912, p 344 

12 Mention should he made in this connection of the recent -work of Rosenau 
and Anioss, “Organic Matter m the Expired Breath,” Jour Med Research, 1911 
xxv, 35 On the basis of the very delicate anaphylactic reaction they have made 
experiments which would seem to indicate that organic bodies belonging to the 
protein group may be present m the breath of healthy people, and they express 
the opinion that these bodies may be harmful when rebreathed 

In the air of the lungs any such volatile proteid would be constantly present 
m fifty or one hundred times greater concentration than m the air of occupied 
rooms since the air of such rooms does not ordinarily contain more than 1 or 2 
per cent of expired air The air which has been expelled from the alveoli and has 
lodged m the upper air passages during expiration, is drawn back into the alveoli 
during inspiration The volume of this “dead space” amounts to about one-third 
of the uliole volume of normal quiet inspiration, consequently, the normally 
inspired air is about one-third expired breath The reinspiration of expired air 
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human oiganism when rebreathed nndci the ordinal conditions of 
\ entilation 

2 The increase of caibon dioxid and the deciease of oxygen haie 
nothing to do with the ventilation pioblem nndci noimal conditions, 01 
with the subjective or objective effects of close ail Caibon dioxid is a 
necessary constituent of the air of the lungs, it is not to be consideied as 
a poison or the index of a poison Its propoition m the air of a room is 
a convenient and fairly accuiate index of the quantitative an supply 

3 Air peiforms for the body a physical function (heat-abstraction) 
which is quite as important as its chemical function (oxygen-supplying) 

4 The ordinary defects of ventilation lie with the physical function 
of the air and not with the chemical 

5 Temperature, humidity and an movement are the physical qual- 
ities of the air which are of impoitance in this lelation 

6 The success of ventilation depends on whether or not these physical 
qualities of the an are so regulated as to maintain its physical function 
of heat abstraction without embairassment to the reflex mechanism for 
the regulation of body temperatuie “The good effects of efficient ven- 
tilation and of out-door air depend on the coolness, the relative humidity 
and the motion of the air and the ceaseless variation of these qualities ” 
(Hill ) 

These six statements, then, aie the mam items of the code winch 
should govern attempts to ventilate We may not go into the piactical 
details of their application here, but it will be noted that quantity of 
air as a measure of ventilation efficiencj^ is to a large degree lost sight of 
while the physical qualities of the air as they affect its ability to absoib 
body heat come strongly forward The hygienic value of ventilation foi 
the purpose of supplying chemically pure air is much less than has beeD 
generally supposed It should now be looked on as a process to be earned 
out m the interest of the heat economy of the body Metabolism is 
greatly influenced by the rapidity of heat dissipation, and tins is con- 
trolled by external physical conditions 


appears to be a conservative and a necessary process It is a ■well known fact 
that the pulmonary ventilation is increased and decreased reflexly to maintain a 
relatively constant piessure of CO. (about 5 per cent of an atmosphere) in the 
alveolar air Our hypothetical poison could not become concentrated m the sur- 
rounding air unless the C0 2 also became coneentated, and then the laiger respira- 
tory ventilation due to the increased C0 2 would affect the concentration of both 
bodies m the alveolar air m equal proportion The increase m pulmonary ventila- 
tion which would be made necessary by the presence of 2 or 3 per cent of expired 
air m that which is being breathed, in order to maintain what we must, m the 
nature of things, look upon as the normal dilution of the alveolar air, is very 
small It amounts to no more than 3 or 4 per cent , whereas the possible increase 
is as many hundred per cent Such an increase ought to he well within our 
“margin of safetv ” 
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The great pmpose of ventilation is the maintenance of health This 
is, in geneial, accomplished by the maintenance of comfort, foi to main- 
tain a comf 01 table atmosphere is practically to maintain a healthful one 
To this end the legulation of tempeiatme and air movement are of the 
greatest interest and importance , as to the necessity of adding humidity 
to naturally dry air which has not been superheated, we really know 
very little. Professor Hill 11 has expressed the opinion that slight but 
constant changes of temperature and motion m the surrounding medium, 
leading to constant readjustments of the heat regulating mechanism of 
the body, are a very important factor m obtaining good results, and he 
veiy justly objects to the impulsion of hot air into a room as “the most 
objectionable of all systems of ventilation ” He believes that “a cool air 
and radiant heat are the ideal ” Cold an entering m small jets, and 
direct radiation, with the irregular and constantly changing convection 
currents, fulfill the desired conditions well 

It is on such a basis of cause and effect that cars ventilated by the 
method we have been considering are found to be effectively ventilated 
fiom the standpoint of an -comfort and the feeling of bodily well-being 
The air supply is always adequate to prevent monotony and stagnation of 
the conditions surrounding the skin, yet the streams of incoming cold 
an are individually of such small volume, and take on such irregular 
and diffuse movement into the stiller body of air within, that the dis- 
comfort of draughts is almost entirely avoided There was no report of 
discomfort — of so-called “stuffiness ” — m the series of cars herewith pre- 
sented. It will be seen by consulting the tables that their temperatures 
were always low When trouble arises it is invariably connected with too 
much heat When the temperature is low ventilation always seems to be 
good, regardless of the amount of respiratory contamination, when the 
tempeiature is high ventilation always seems to be bad, regardless of the 
chemical purity of the air These are statements which have been amply 
verified by a long list of observations , comfort and air purity have little 
or no 1 elation, but comfort and air temperature and motion are very 
closely related The delicate sensory nerves of the skin have much to do 
with the feeling of comfort or discomfort The judgment arrived at by 
means of our sensations is m the mam a correct one , the air is bad or it 
is good, just as the sensations indicate , but it is bad or it is good m a 
physical and not m a chemical sense 
206 South Michigan Avenue 



A MODIFICATION OF THE TECHNIC OF THE WASSERMANN 

REACTION 

ARTHUR F COCA, MD, and ELISE S L’ESPERANCE, MD 

NEW 10RK 

The “Wasseimann 55 blood test foi syphilis is now generally recognized 
as a valuable aid to the clinician, not only m the diagnosis of the disease, 
but often as an mdicatoi of the effect of tieatment It is not, peihaps, 
so geneially appi eciated, howevci, that the test, m ordei to be of real 
value, must be so earned out that a “positive 55 reaction will be obtained 
only m syphilis and in ceitam otliei conditions that are leadily distin- 
guished fioin syphilis No one, thus fai, has succeeded m so improving 
the efficiency of the test that in eveiy case of syphilis with appaient 
lesions a positive reaction is obtained so that as a diagnostic means a 
negatne “Wassermann 55 leaetion offeis no guaiantee of the absence of 
luetic infection, but properly peiformed, the test, when it results posi- 
tively, must be expected to indicate eithei syphilis or ceitam other easily 
leeogmzed conditions, such as lepiosy, malana, frambesia, paioxysmal 
hemoglobinuria and probably lead-poisoning 

It follows, tlieiefore, that no modification of the ongmal technic of 
the Wassermann test can be adopted if, with its use, any positive reac- 
tions aie encounteied m diseases otliei than those mentioned, and this 
policy uould have to be adhered to even if the modifications proposed 
promised a gieat inciease m the number of positive reactions obtained 
m known cases of syphilis 

A numbei of grave defects attach to the technical procedure ongmally 
recommended for the performance of Wassermann test, all of which are 
due to the impurities contained m the originally prescnbed “antigen 55 
preparations (1 e, the carbolized wateiy extract or the alcoholic extiact 
of the liver of a syphilitic fetus) These impurities may interfere m 
three ways with the performance of the test (1) by exerting a directly 
anticomplementary influence during the period of fixation, (2) by exert- 
ing a hemolytic influence on the blood corpuscles that are used as indica- 
tor of the leaetion, and (3) by causing a pseudoreaction with the serum 
of individuals who are neithei syphilitic nor subject to any of the other 
conditions that are mentioned above 

■'From the Depaitments of Pathology and Experimental Pathology m the Med- 
ical College of Cornell Umveisity, New York 

"Manuscript submitted for publication Aug 12, 1912 
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The first two of these three disturbing actions of the impurities con- 
tained m the fetal liver extracts are avoided by selecting for test that 
quantity of extract which, m double amount, is neither hemolytic nor 
anticomplementary The use of this quantity of extract, however, is 
attended with the third disturbing action and for the elimination of 
that source of error it has been found necessary to heat the sera to be 
examined for one-half hour at 50 C 1 

One of the earliest modifications of the “Wassermann” technic was 
the substitution of an alcoholic extiact of normal organs — for example, 
the heart muscle of the guinea-pig — for the extracts of syphilitic fetal 
liver The most extensive studies of both syphilitic and non-syphilitic 
organ extracts m their “antigenic” capacity were made by Noguchi, who 
showed that the “antigenic” function of all the extracts resides solely m 
the lipoid fraction, and that the process of separating the lipoids from 
the extiacts eliminates to a large extent the disturbing impurities 

On the basis of this impoitant discovery Noguchi recommended the 
use of the isolated lipoids, l e, the ether-soluble, acetone-insoluble fi ac- 
tion of an alcoholic organ extract as “antigen ” Noguchi at first believed 
that when the isolated lipoids are used as “antigen” m the Wasseimann 
test the sera to be examined could be used without the usual heating at 
50 C , but other workers 2 3 who employed the isolated lipoids found that 
these also, when used according to the original piescnption of the Was- 
sermann technic — l e _ as regards quantity — gave spurious positive reac- 
tions with unheated sera Nor this reason, as well as on account of the 
practice of many workers of storing the sera for several days before exam- 
ining them (during which time they often become anticomplementary), 
it is customaiy, also when the isolated lipoids are used as “antigen,” to 
heat the sera 

Our own experiences with the isolated lipoid “antigen,” which aie 
descubed m detail elsewhere,' 5 have convinced us that when this " antigen ” 
pi epaiatxon is used accoiding to the method originally presciibed foi the 
peifoimance of the Wasseimann test , its one gieat advantage ovei the 
ongmal oigan extract is m part sacnficed and a new source of euoi is 
introduced 

The sole advantage of the isolated lipoids ovei the original organ 
extracts as an “antigen” preparation lies in the availability of the 
“antigenic” substances m the former preparation for use m much 
qicatei quantity than is possible with the latter preparation This 
advantage has, however, a two-fold application We have found, in the 
fust place, that m a considerable proportion of luetic cases — usually 

1 In some lahoi atones higher temperatures (54 to 56 C ) are employed 

2 See article hv MacRae Eisenbrev and S-snft, The Arch, Ixt Med, 1910 vi 

3 Zeitschr f Immumtatsf , 1912, xiv, p 139 
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those exhibiting lesser lesions or those that have received only meicunal 
tieatment — a positive leaetion is obtained when a larger quantity of the 
isolated lipoids is used, but the test results negatively with smaller quan- 
tites , 1 e, with quantities that lepresent the amount of “antigenic” 
substance that is used m tlie originally recommended proceduie 

As we have just indicated, theie is another way m which the availa- 
bility of the isolated lipoid “antigen” for use m relatively laige quanti- 
ties can be applied to advantage m cairymg out the Wasseimann test 
In determining the reacting strength of immune sera by means of the 
Bordet-Gengou technic — which is the prototype of the Wasseimann tech- 
nic — it is customaiy to estimate the relative values of such seia accoid- 
mg to the smallest amount of the respective antigen with which, under 
like conditions, complete complement fixation is pioduced Since the 
mechanism of the Boidet-Gengou reaction and that of the Wasseimann 
reaction are undoubtedly identical, it must be possible to appty, m the 
latter test, the same punciple of quantitative comparison that is used m 
the foimer 

This plan was suggested a number of yeais ago by Neisser, Biuck and 
Sehueht, but m the absence of any further publication on the mattei by 
these authors it may be assumed that their attempt m this direction was 
not successful 

Their failure can be easily explamed 

An examination of their published protocols discloses the fact that, 
owing to the admixture of the usual impurities m their standaid “anti- 
gen” preparation, which was an alcoholic extiact of the livei of a syph- 
ilitic fetus, they were limited to the use of only eight times the smallest 
amount of “antigen” with which, m cases of untieated secondary syphilis, 
complete complement fixation could be pioduced With an “antigen” 
preparation limited to such a narrow woikmg lange, it was not possible 
to apply the quantitative method of the Bordet-Gengou test 

The isolated lipoid “antigen,” on the other hand, can be safely used 
m a quantity that is at least 500 times the minimum complete fixing 
unit — as determined m cases of untreated secondary syphilis — and with 
this preparation, therefore, the quantitative technic of the Bordet- 
Gengou test becomes directly applicable to the Wassermann test 4 

If then, as is commonly done, the isolated lipoid “antigen” is 
employed foi the Wasserma nn test m only one quantity — l e , one-lialf 
of the largest amount that, by itself, is neither hemolytic nor anti- 

4 It must be emphasized heie that whether tiie reacting strength of luetic 
seia as determined according to the minimum fixing quantitv of “antigen” does 
or does not always coincide ivith the degree of severity of the syphilitic process 
that exists at the time of the examination, the result of such a determination does 
give a true index of the concentration of the reacting substances in the sera 
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complementary — the advantage of the quantitative method of the Bordet- 
Gengou test is sacrificed 

But the sacrifice of the quantitative technic is not the only objection 
that must he urged against the application of the Wassennann prescrip- 
tion to the use of the isolated lipoid "antigen" We have mentioned the 
experience of MacRae, Eisenbrey and Swift, who found that even with 
the isolated lipoid "antigen," unless the sera to be examined are heated, 
"positive” leactions aTe sometimes obtained m many diseases other than 
syphilis 5 

The practice of those who use the isolated lipoid "antigen" of heat- 
ing the sera to be examined m order to avoid such spurious positive 
reactions, greatly exaggerates a new source of error — one that is not 
encounteied when the smaller quantities of the "antigenic" substances 
are used, as under the original Wasseimann technic — which attaches 
to the use of the isolated lipoid "antigen " The source of error referred 
to is the familial piezone phenomenon of wanting reaction, which occurs 
m the testing of specific antisera when either of the two reacting sub- 
stances, antigen and antibody, is combined with the other m a quantity 
that is m excess of a definite proportion 

The piezone phenomenon that is sometimes produced m the perform- 
ance of the Wassermann test is due to the use of a relative excess of the 
‘•antigenic” substances It is much more frequently met with when the 
seia to be examined aie heated, but it has been observed by us m twelve 
instances m which the sera had not been heated 

The source of error presented by the prezone phenomenon occurring 
m the Wasseimann test can be easily eliminated by carrying out each 
rest with descending quantities of the "antigen," so that it is not neces- 
saiy, only on account of this possible fallacy, to omit the heating of the 
sera That the custom of heating the seia should be discarded when it 
is possible is, however, evident in view of the well-known fact that heat- 
ing considerably reduces the reacting powei of luetic sera 

As a matter of fact, the heating of the sera can be dispensed with, for 
we have found an equally eeitam and much simpler way to accomplish the 
end for which the heating was usually performed, namely, to avoid the 
spurious "positive" reactions of diseases other than syphilis We have 
observed, m a series of several hundred examinations, that whereas with 
unheated sera 0 2 c c of a 1 to 10 dilution of our 2 per cent lipoid solu- 
tion often gives complete fixation m many conditions other than syphilis, 
no such spurious reaction is produced by 0 1 c c of that dilution of the 
lipoids With one exception all of the fixations pioduced with the latter 

5 Notwithstanding tins serious complication these writers conclude that “the 
Noguchi method, using active serum gi\es the most sensitive reaction m syphilis ” 
We have already pointed out the fallacv of this view 
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quantity of the isolated lipoid “antigen'’ have been obtained m cases of 
known syphilis That one exception was in a case of paroxysmal hemo- 
globmuna, in which disease the oiigmal Wasseimann technic pioduces 
legulaily a “positive” lesult” 

Instead of heating the seta, Ihciefoic, we avoid the spunous 01 
“ pseudoi eactions” l)y using about half the piescnbed amount of the 
isolated lipoid “ antigen ” which, as we hare alieady stated, is 500 times 
the minimum fixing quantity foi secondaiy syphilis 

f 

suanrAHT 

The substance of the piecedmg discussion may he moie buefly pie- 
sented as follows 

1 Only the lipoid fraction of oi gan extiacts possesses the “antigenic” 
pioperties requisite foi the peifoimanee of the Wasseimann blood test 
for syphilis (Noguchi) 

2 On account of the large admix tuie m the oiiginally lecommended 
“antigen” preparations (i e, the caibolued vatery extiact and the 
simple alcoholic extract of the livei of a syphilitic fetus) of substances 
not possessing “antigenic” piopeities, tlie quantitative limits within 
which the “antigenic” substances aie available foi the Wasseimann test, 
are very nanow — 4 to 8 units When such extiacts aie used for the 
test the sera must be heated, otheiwise positive reactions are obtained 
m many diseases besides syphilis The leactmg strength of luetic seia 
is considerably reduced by heating 

3 The quantitative limits within which the isolated lipoid “antigen” 
is available for the Wassermann test, are relatively wide — at least 500 
units — so that with this preparation positive reactions can be obtained 
with luetic sera with which the test would lesult negatively if only the 
relatively small amount of “antigen” available undei the oiigmal Wassei- 
mann procedure was used, furthermore, on account of the gieatly 
extended working-range of the isolated lipoid “antigen” pieparation the 
usual quantitative method of determining the reacting strength of specific 
antiseia according to Bordet-Gengou can be employed 

4 When the isolated lipoid “antigen” piepaiation is used according 
to the original Wassermann prescription, “positne” reactions are often 
obtained with active sera m many diseases other than syphilis These 
spurious oi “pseudoreactions” can be entirety avoided, without heating 
the sera, by not using more than about half of the prescribed amount of 
the “'antigen'' preparation , i e , one-fourth instead of one-half of the 
largest quantity of the preparation that by itself is neither hemolytic nor 
anticomplementary 

5 When the isolated lipoid “antigen” preparation is used in descend- 
mg quantities m the Wassermann test, the prezone phenomenon is some- 
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times observed, which is due to the use of an excess of the “antigenic” 
substances. This source of error is met with in a considerable proportion 
of heated luetic seia, and occasionally even when the sera are not heated; 
it can be avoided onlj by the use, m each test, of descending quantities 
of the “antigen” preparation 

PROPOSED TECHNIC 

Antigen — The most convenient source of suitable lipoids is the heart 
muscle of the ox The muscular tissue is dissected out from the heart of 
a recently slaughtered ox, and, after being finely comminuted m a meat 
grinder, is shaken well with about ten volumes of 95 per cent alcohol 
The alcoholic extiact is filteied after five to ten days and evaporated 
nearly to dryness with the use of an electric fan The sticky residue is 
extracted with ordinary ether and the ether extract again evaporated 
with the use of the fan, supplemented finally with gentle warming The 
resulting residue is then extracted with water-free ether m small quantity 
and the clear solution obtained by centrifugation is mixed with five 
volumes of acetone After thorough shaking the fluid is poured off the 
waxy piecipitate, which is then shaken several times with fresh portions 
of acetone The stock solution is a filtered 2 per cent solution of the 
lipoids m pure methyl alcohol For each series of tests a fresh emulsion 
is made by diluting one part, by volume, of the stock solution up to ten 
parts with physiological salt solution (Ringer’s) Of this 0 2 per cent 
emulsion, 0 4 c c has never produced the slightest hemolysis when mixed 
with 0.1 c c of a 5 per cent suspension of sheep’s blood, nor is that 
amount anticomplementaiy with 0 01 c e of guinea-pig’s serum (indica- 
tor 0 1 c c of 5 per cent sensitized sheep’s blood) 

Some lipoid preparations from ox’s heart muscle are not capable 
of functionating as “antigen” m the Wassermann test Of four such 
preparations made from four different ox-hearts, one was completely lack- 
ing m “antigenic” property The other three were efficient, and equally 
so, m that capacity The “antigenic” property of our first preparation 
has remained unchanged for more than one year 

In the interest of economy of materials, all the leagents entering into 
the Wassermann test may be used m one-tenth of the usual quantities 
Tinder this condition we have found that with cases of untreated sec- 
ondary syphilis, the minimum fixing amount of ox-heart lipoids is fre- 
quently as little as 0 0002 c c of a 0 2 per cent emulsion, that is, 

0 0000001 g 

Some of the sera that have been obtained more than twent} r -four 
hours previous to the examination are found to have become anticom- 
plementary, that is, 0 4 c c oi less, of the diluted serum inhibits by itself 
the complementaiy function of 0 1 c c of guinea-pig’s diluted serum 
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In order io remove tins antieomplementaiy piopeity it is necessary to 
heat such seia foi one-half hour at about 50 C Foi the exact deteimma- 
tion of the fixing strength of a luetic seium, it is, theiefore, impoitant 
that the test be made within twenty-four houis after the blood has been 
taken, so that the necessity of inactivation may be avoided If, as we 
bare always done, the reagents entering into the Wassermann test aie all 
used m one-tenth of the usual quantities, the amount of the patient’s 
serum required foi such examination is conespondingly i educed, so that 
sufficient blood for the test can be easity obtained fiom the ear or finger 
Such small amounts (2 cc ) aie best defibi mated and centrifugated at 
once The serum can then be removed with a pipe! and is ready for 
immediate examination 

Complement — This function is supplied by 0 1 c c of a 1 to 10 dilu- 
tion of fresh guinea-pig’s sei uin m physiological salt solution "Whenever 
this serum is naturally hemolytic for sheep’s blood corpuscles, the natuial 
hemolysin is to be removed by the cold sepaiation method — one to two 
hours at 0 C m contact with washed sheep’s coipuscles 

Indicatoi — Two pel cent sheep’s blood corpuscles sensitized with two 
to three minimum hemolytic doses of immunized rabbit’s serum aie used 
as indicator To each tube is added 0 25 cc of this suspension, repre- 
senting 0 1 c c of the usual 5 pei cent suspension 

When the test was earned out accoidmg to the plan that we have 
desenbed, we were not able to obseive any essential difference m the 
results that could be due to differences, within the limits given above, m 
the degree of sensitization of the blood coipuscles that wei e used as indi- 
cator of the reaction The sensitization should be so adjusted to the com- 
plementary activity of the guinea-pig’s serum that not more than 0 025 
c c of that serum diluted 1 to 10 will be requned, and that not less than 
0 0125 c c will be able completely to hemolyze 1 unit (0 25 c c of a 2 
per cent suspension) of the sensitized blood cells 

In the practical performance and reading of the Wassermann test we 
pioceed as follows 

1 All the reagents entering into the reaction of fixation can he most con- 
veniently diluted 1 to 10 with physiological salt solution The sensitized sheep’s 
blood suspension may he 2 per cent (unit=0 25 c c ) or 5 per cent (umt=0 1 c c ) 

2 Five different amounts of a 0 2 per cent emulsion of ox-heart lipoids are 
to he combined with 0 2 c c of the patient’s diluted serum and 01 cc of the 
diluted guinea pig’s serum The five amounts of antigen are 0 1, 0 05, 0 02, 0 01 
and 0 001 A series of examinations with non-luetic sera should be made for the 
purpose of determining the lower limit of pseudo-reaction 

3 If complete fixation of complement occurs with all of the five quantities of 
‘antigen” or with only the smallest two or thiee quantities, we report a “strongly 
positive” reaction , if with 0 001 c c hemolysis has not been prevented, but fixation 
lias occurred with all the othei combinations or with the lesser one or two 
quantities of “antigen,” we report a “positive” reaction, if hemolysis is not pre 
rented vith 0 001 nor with 0 01 cc, but fixation occurs with any of the other 
amounts of the “antigen,” we leport a “weakly positive” reaction 
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We have never met with an occasion for reporting a “doubtful” 
reaction 

We have confirmed the observations of Jacobsthal and of G-uggen- 
heimer, that with some luetic seia a positive Wassermann reaction can 
be obtained when the “incubation” for fixation is earned out at ice-box 
temperature, whereas the test as usually performed lesults negatively 
The reverse of this, also, has been found, m some instances, to be true 
In view of these facts it is necessary to perform each test m duplicate 
series, one for fixation at ice-box temperature, and the other for fixation 
at 37 C The period of incubation for fixation at low tempeiature may 
be twelve to eighteen hours '(conveniently over night) 

In the table are given examples of the results that we have obtained 
with oui technic, together with oui “reading” of them 

Table Giving Examples of the Results of the Wassermann Reaction 
Obtained Under Authors’ Technic, Classified According 
to Reacting Strength of the Sera 


Indicator 0 25 c c of 2 per cent steep’s corpuscles In each tube 0 02 c c of 
patient’s seium + 0 01 cc of guinea-pig’s serum 

0 2 per cent Emulsion of Ox-Heait Lipoids 


0 1 c c 

0 05 c c 

0 02 c c 

0 01 c c 

0 001 cc 
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+ + + + 
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4 — b + + — complete hemolysis, 4~ + + = vciy strong hemolysis, = 

partial hemolysis, + = slight hemolysis 



STUDY OF THE CHEMISTRY OF RENAL CALCULI 


MAX KAHN, M D 
xnw iork 

Rowlands , 1 m Ins examination of twenty-two stones, came to the 
following conclusions that lenal calculi aie composed almost entirely of 
calcium oxalate, that unc acid is almost always absent, 01 piesent m very 
small traces, that phosphates aie commonly present 

Mackaiell, Mooie and Thomas , 2 following the m\ estigations of Row- 
lands, concluded that these results have a maiked bearing on the calcium 
metabolism m gout and allied conditions They examined twenty-four 
renal stones and they corroboiated the findings of Rowlands They 
recommended that when a calculus has been obtained by opeiation or 
otherwise, it should be analyzed, and if it is found to be composed of 
calcium salts, the patient should be put on a couise of acid tieatment and 
not alkaline medications, as has been the custom 

I have examined a senes of sixteen stones fiom patients of the Mount 
Sinai and vanous other hospitals m New York City The patients were 
immigrants to the United States from all parts of Europe, most of them 
fiom Russia and Austria Fiona the histones of these patients, no evi- 
dence of gout or a gout}'- diathesis could be obtained The} weie all of 
the poorer class, living m the crowded tenement districts of New Yoik 
and not at all addicted to high living, or to the use of nines and ales 
The lesults of Rowlands and Mooie are quite staitlmg Every text- 
book states that calculi of unc acid, 01 of the sails of unc acid, are 
by far the most frequent Oslei, Wood, Hammarsten, Hallibuiton, 
Wells, Allbutt, etc , mvai lably inti oduce then remarks on the chemistry 
of renal stones by some statement that the urates are the most frequent 
components The quantitative examinations that have been made up to 
now would impress one with the certainty that the chemistiy of the 
nephroliths w as an established fact, and indeed, when I first read the 
article of Rowlands and the one by Mackarell, Moore and Thomas, I 
doubted the general application of then findings 

*3?rom the laboratory of Biological Chemistiy of Columbia University, at the 
College of Physicians and Surgeons, New York 

^Manuscript accepted for publication, Sept 11, 1912 

1 Rowlands, J S Biocliem Jour , 1908, m, 346 

2 Mackarell, W W Moore, B, and Thomas, W T Biochem Jour, 1910, 
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It is interesting to note the results of previous examinations 
Bi ancle, 3 in a series of 150 cases, found that sixteen calculi were com- 
posed wholly of uric acid, while the lest contained some Foureroy and 
Vauquelm 4 found lithic acid m the greater number of 500 stones 
Pearson 5 found this acid m the majority of 300 concretions Henry 
states that of 187 stones, 158 had unc acid nuclei Of 545 cases of 
stone, Ultzman 6 found that 80 9 per cent contained a nucleus of uric 
acid, while 5 6 per cent were composed of calcium oxalate Recently 
chemical analyses have been made by Morns, Israel and Johnson 7 with 
the unvarying conclusion that urates predominate m then composition 
Young, 8 m Osier’s Modern Medicine, says “Such methods of quanti- 
tative chemical analysis of calculi as have been used until quite recent 
years weie so inexact that they sometimes furnished misleading informa- 
tion 55 He continues to sa 3 r , “The physical characteristics of calculi vary 
greatly and are somewhat indicative of their composition On these 
rathei than on chemical analysis, have been based many statements as 
to the nature of renal calculi 55 

In the series of sixteen cases that I have analyzed, no conclusions 
could be drawn from the appeal ance and consistency of the stones as to 
their chemical composition Some, that were quite soft and easily pul- 
verizable, were almost wholly composed of calcium oxalate Others, that 
weie white and megular and of excessive hardness contained a high 
percentage of unc acid The characteristic “mulbeiry stones/ 5 “stag- 
horn/ 5 or coral calculus, and “jack-stone 55 calculus did not appear m 
this series 

As Rowlands suggested, the rate and process of formation of the 
stone have more to do with the hardness or softness of the calculus than 
its chemical composition 

METHODS OF ANALYSIS 

The methods of analysis followed were almost identical with the one 
suggested by Mackarell, Moore and Thomas 

a Physical Charactei istics The size, shape, color, and consistency of the 
stones were noted The method used to determine the hardness or softness of the 
stone was by simple crushing, noticing the force exerted m breaking up the stone 
b The murevtd test for utic acid was perfoimed on each stone, and positive 
results were obtained in all cases 

c Chemical Composition The stone after being finely pulverized, was care- 
fully weighed m a drying flask (whose weight was previously found), and then 
dried m an oven for about two hours at a temperature of 100 to 105 C, and. 
again weighed, the loss m w eight being taken as moistuie 


3 Brande Hooper’s Med Die 1820 

4 Fourcroy and Yauquelin Ann d ehem , 1805, lvi, 258 

5 Pearson Tr Bov Philosoph Soc 1798 xv, 59 

G Ultzman Cited after Hammarsten’s Physiol Chem 1908 

7 Johnson Hew York Med Jour, 1905, Ixxxvn, 209 

S Young Oler’s Modern Medicine, 1908, m, 316 
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Quantitative Determination of Vue Acid — A quantity liming according to the 
•amount of the stone available, was taken and accuiatelv weighed Tins was then 
placed in a poicelam dish, floated with lij drochlonc acid (14) and heated on a 
steam batli until as much as possible had been dissolved It was then filteicd 
through a weighed Gooch filter, the lesidue well washed, and then dried at 100 C 
foi from one to two hours until the weight was constant, this weight was lecoided 
The lesidue m the Gooch, asbestos and all, was next tieated with strong sulphuric 
acid Ihe acul was then diluted and titrated with n/20 potassium permanganate 
•solution, 1 c c of which is equal to 00075 gm of uric acid A control was nlwajs 
performed with the sulphuric acid and water m Older to get an accurate result, 
the amount of pennanganate taken bj’ the contiol being deducted from the result 
of the foimei titration 

Quantitative Dcici mination of Calcium Oxalate — The filtrate obtained after 
digesting the stone with hydioclilonc acid was next mixed with the washings of 
the lesidue, and ammonium chlorid and ammonium hjdroxid added in excess The 
precipitate obtained was filtered and thoroughly washed until free from chlorids 
(the washings being tested with sihei nitrate) Ihe filtrate and the washings 
were boiled and ammonium oxalate added until piecipitation was complete The 
precipitate was allowed to stand twenty-foui horns until it had completely settled 
The liquid was filteicd off, and the precipitate washed bj decantation until free 
from chlorids, which would otherwise intei fere with the permanganate titration 
The precipitate was washed from the filter paper into a beaker, first by means 
of hot water and then with 10 per cent sulphuric acid and finally all the acid 
was washed into the flask by means of hot water The whole was then mixed, 
cooled and made up to 1,000 cc Of this 50 c c were pipetted off, and titrated 
at a temperature of G5 C with n/20 potassium permanganate solution, 1 c c of 
wlucli is equivalent to 0 0019 gm of calcium, or 0 0000S gm of calcium oxalate 

Quantitative Estimation of Total Nttiogcn — Another portion of the stone was 
then weighed out, and placed m a Kjeldahl flask, and the total nitrogen determined 
hy the Kjeldahl process 

Quantitative Estimation of Phosphates — Phosphates were estimated as phos- 
phorus pentoxid by the following method A portion of the powdered stone having 
4>een weighed, w r as put into a Kjeldahl flask and 20 c c of a mixture of equal 
parts of concentrated sulphuric acid and concentrated nitric acid were added The 
Kjeldahl flask and contents were then heated until colorless This usually took 
tlurtj -five minutes Five drops of fuming nitric acid were then added and it was 
again heated until colorless The contents of the Kjeldahl flask were cooled and 
then diluted with water It was next neutralized wuth ammonium liydroxid and 
Then reacidified with concentrated nitric acid The mixture was then put into a 
beaker and to this were added 50 c c of a 00 pel cent solution of ammonium 
nitrate, and 25 c c of a 10 per cent solution of ammonium molybdate This was 
•allowed to stand 12 to 24 hours at 60 C and was then filtered The precipitate 
■was dissolved in ammonium hydroxid, and 10 c c of concentrated hydrochloric acid 
were added To this were added 25 c c of magnesia mixture After standing 
fifteen minutes an excess of ammonium hydroxid was poured in and the mixture 
allowed to stand for twenty-four hours The precipitate was filtered on a weighed 
'Gooch filter, burnt, and from the weight of the pyrophosphate of magnesium the 
weight of phosphorus pentoxid was estimated 

Most of the stones examined were mainly composed of calcium oxa- 
late The percentage of calcium oxalate varied from 29 5 per cent to 94 7 
per cent The physical appearance and the consistency of the stone were 
not at all indicative of its chemical constituents The one which was 
■94 7 per cent oxalate was a uieteral stone, brown m color, very irregular 
in shape very soft and brittle The stone which contained 29 5 per cent 
oxalate was very hard, dark brown m color, spheroidal, with many 
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irregular projections — tlie only stone tliat could be called mulberry -like 
—and it contained 7 46 per cent uric acid and 56 2 per cent phosphorus 
pentoxid 

All the stones gave the murexid test, so that either uric acid or its 
salts weie present in each case The statement made by Howlands, and 
later by Mackarell, Moore and Thomas, that uric acid is usually absent 
m urmaiy calculi must, therefore, be modified Though it is present 
ordinarily m very small amount, still its presence must be recognized 
The amount of uric acid found, ranged from 40 6 per cent to 0 2 pel 
cent Nevertheless, the amount of uric acid usually present is negligible 
as compared with the calcium oxalate The urate stone, so graphically 
depicted m the text-books, is a very rare occurrence m the quantitative 
laboratory The total nitrogen determination, when calculated as uric 
acid, rarely exceeded the amount of this acid estimated according to the 
method used by Moore 

Phosphates were found m nearly all the Calculi, and m some stones 
the percentage of the phosphates was very high No carbonates were 
found This quite agrees with Rowlands, who found phosphates m traces 
m nearly all the stones and carbonate m only two out of a series of 
twenty-two examinations 

One of the conclusions that Mackarell, Moore and Thomas draw fiom 
the fact that they did not find uric acid m renal calculi is, that gout may 
be a disease due to deficient calcium metabolism, and that it is rathei 
this deficiency than the disturbance m the uric acid output that has to 
he treated This assumption is not warranted Renal calculus is not 
always, nor even usually, due to gout The fact that gouty patients some- 
times suffei from gravel cannot be brought forward as an argument that 
whatever is the metabolic derangement m lithiasis is also the causative 
factor of podagra Sir ‘William Roberts 9 states that the impression that 
gouty individuals invariably suffer from calculus disease and the impres- 
sion that patients who suffer from nephrolithiasis are also afflicted with 
gout, are erroneous In eeitain portions of India, gravel m the urine and 
stone m the kidney aie very common complaints and still gout, or the 
gouty diathesis, is unknown In Norfolk 10 calculus disease is very com- 
mon, while podagra is rare The reverse is the case m other portions of 
England As Fagge 11 asserts, there are certain districts where traveleis 
(not at all gouty) acqune lithiasis, and are cured only on removal from 
the territory 


9 'Roberts Allbutt’s System of Medicine 

10 Yalloly Tr Roy Plnlosoph Soc , 1839, Ixxxrc, 149 

11 Fagge Cited from Osier’s Modern Medicine 
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DLTAILS OF ANALYSES OF T1TE SIXTEEN CALOUEI 

The subjoined tables record the results obtained A brief sunnnnrj of thehistorj 
of each patient (when a lnstoij could be obtained) and a macroscopic description 
of each calculus aie also given 

Calculus 1 — Gioss Appearance — The stone was in two portions Each one 
was uregulaily semilunar, very liaid, "white and smooth The stone weighed 
12 0446 gm 

Chemical Examination — In 0 942 gm of the powdcied stone there weie 0 3532 
gm calcium oxalate or 37 4 ppr cent and 0 034 gm line acid or 3 59 per cent It 
contained 51 59 pei cent phosphoius pentoxid — 0 7569 gm of the stone gaie 0 3898 
gm of phosphorus pentoxid 

Calculus 2 — History — Patient C I of Mount Sinai Hospital Stone gnen 
to me by Di Morns II Kahn Uieteral stone Patient had characteristic renal 
colics and ins operated on by Di Biettauer She is Russian bj birth 

Gioss Appeal ancc — Small, lriegulm stone, \eiy buttle and soft, brown in 
coloi 

Chemical Examination — The stone weighed 0 5114 gin, of which 0 0210 was 
moisture, so that the diied stone weighed 0 4904 gm The moistuie was 4 1 per 
cent Fiom 0 1399 gm of the stone, 0 13254 gm calcium oxalate was obtained 
oi 94 7 per cent , and 0 003075 gm uric acid oi 2 1 pei cent The yield of plios 
pliorus pentoxid fiom 0 1174 gm was 0 0061 gm oi 5 3 pei cent 

Calculus 3 — Histoiy — Stone was given to me bj Di M H Kahn. Patient 
was m the Mount Sinai Hospital Suffered from an attack of pain and hematuria 
No histoiy of gout Stone was remoied bv nephrotomj 

Gross Appeal ancc — A very liaid stone with spinous piocesses It wns dark 
brown m coloi and irregularly spheroidal 

Chemical Examination — The stone weighed 13 9S2 gm , and when dry it 
weighed 13 C805 gm , the moisture being 2 1 pei cent The "weld of calcium oxalate 
fiom 1015 gm was 0 29S8 gm or 29 5 pei cent Fiom the same stone poition 
0 07575 gm uric acid, or 7 4G per cent, weie obtained The phosphates were in 
excess, 1 3971 gm of the stone gave 0 78212 gm phosphoius pentoxid, or 56 2 
per cent 

Calculus 4 — Clinical history unknown Patient, L M , Jewish, of the poorer 
class, immigrant to the United States Stone given to me bj Dr M H Kalin 

Gioss Appearance — The stone was triaiigulai in shape, smooth, hard, grayish 
in color, and regulai in foim 

Chemical Examination — The stone weighed when diy 0 5940 gm , having lost 
weight in drying, 0 0069 gm The moisture w r as tliei efore 1 08 per cent In 
0 2340 gm of the stone there were found 63 4 per cent calcium oxalate and 40 06 
per cent uric acid In 0 1256 gm of the stone 7 3 per cent phosphorus pentoxid 
w r as found 

Calculus 5 — Histoiy — Patient, A S, male, of Mount Sinai Hospital Long 
history of pain, hematuria, pyuna, and finally sepsis Nephrectomy perfoimed on 
the patient foi renal calculus Stone given to me bj Dr hi H Kahn 

Gi oss Appearance — The stone was broken into several pieces It was smooth 
and irregularly faceted, and whitish yellow in color Its consistency was very 
hard 

Chemical Examination — The stone weighed, when dry, 14 94S3 gm , having lost 
0 9477 gm as moisture, or 0 23 per cent The stone was almost wholly composed 
of calcium oxalate — 94 1 per cent Uric acid wais 0 2 per cent and phosphorus 
pentoxid was 6 1 per cent 

Calculus 6 — History — This stone was from the other kidney of the same 
patient, A S (Case 5) A nephrotomy was performed for this stone 


MAX KAHN 


97 


(7? oss Appearance — The stone was quite small; smooth and firm and yellowish- 
wlnte m color 

Chemical Examination — The stone weighed 2 4505 gm Moisture was 3 2 per 
cent It is mteiestmg to note that this stone, removed fiom the same patient 
as Calculus 5, contained 72 3 pei cent calcium oxalate and 23 6 per cent uric acid 
This is a remarkable fact, if a diathetic derangement is to be taken as the etio- 
logical factoi of lenal stones Phosphoius pentoxid was present to the extent of 
4 3 per cent 

Calculus 7 — No histoiy of the patient 

Gioss Appeal ance — The stone was smooth, round and hard It was flat and 
yellow 

Chemical Examination — The stone weighed, when dry, 6 0971 gm Moisture 
was 1 3 per cent In 0 4163 gm of the stone, there were 0 385 gm of calcium 
oxalate oi 90 5 per* cent and 0 0374 gm uric acid or 9 01 per cent Phosphorus 
pentoxid gave a yield of 0 5 per cent 

Calculus 8 — No history of the patient 

Gioss Appeal ance — Smooth, white, hard stone 

Chemical Examination — The stone weighed 4 0349 gm. Its moistuie was 0 04 
pei cent In 0 5914 gm of the stone, there were found 91 7 per cent calcium 
oxalate, and 1 01 per cent uric acid Phosphoius pentoxid was found to be 6 4 
per cent 

Calculus 9 — Stone given to me by Dr J Rosenbloom No history of the 
patient 

Gioss Appearance — The stone was veiy hard and very lnegular It was yel- 
lowish-white m color 

Chemical Examination — The stone weighed 5 7725 gm and the moisture was 

0 1324 gm oi 0 02 pei cent Fiom 0 9133 gm of the stone were obtained 0 86023 
gm of calcium oxalate or 94 2 pei cent and 0 0164 gm uric acid or 1 8 per cent 
The yield of phosphoius pentoxid was 0 01281 gm from 0 2784 gm of the stone, 
or 4 6 pei cent 

Calculus 10 — Patient S S of Mount Sinai Hospital Stone given to me by 
Dr hi H Kalin 

Gross Appeal ance — A large white stone It was very hard so that pounding 
had to be exerted m order to crush it It was very rough and very irregular 
It was composed of three pieces 

Chemical Examination — The stone weighed 15 9125 gm In 0 3136 gm of the 
stone, theie were found 0 2314 gm of calcium oxalate, or 73 8 per cent and 0 0235 
gm uric acid oi 7 5 per cent The yield of phosphorus pentoxid was 20 1 per cent , 

1 e , 0 4182 gm of the stone gave 0 08405 gm of the pentoxid 

Calculus 11 — History — No history of patient 

Gioss Appearance — Large white stone, very hard, so that much pounding 
had to be exeited m order to crush it It was very rough and very irregular It 
was composed of three pieces 

Chemical Examination —The stone weighed 15 9125 gm In 0 3130 gm of the 
stone, there were found 0 2314 gm of calcium oxalate, or 73 8 per cent , and 0 0235 
gm uric acid, or 7 5 per cent The yield of phosphorus pentoxid was 20 1 per 
cent , l e , 0 4182 gm gave 0 08405 gm of the pentoxid 

Calculus 12 — Histoiy — Patient was m the Mount Sinai Hospital Was an 
immigrant to New York History of renal calculus symptoms Stone given to me 
by Dr M H Kalm 

Gioss Appearance The stone was brown, light, soft, smooth, and regular and 
O'lal in shape " ° 

Chemical Examination —The stone weighed 0 9329 gm Moisture was 0 0041 
gm In 0 2179 gm of the stone there were found 0 17519 gm calcium oxalate— 
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80 4 per cent — and 0 0224 gm of line acid oi 10 3 pci cent In 0 1745 gm of the 
stone tliere were 0 01137 gin of phosphorus pentoxid or G 5 per cent 

Calculus 13 — History — A uietcial stone, gnen to me by Dr M H Kahn 
It Mas lemoved by nephrotomy 

Gioss Appeal ancc — The stone was m three small poitions It was a icij 
smooth, daik, round calculus, of excessive hardness 

Chemical Examination — The stone weighed 0 1G12 gm of which theio wcie 
91 3 per cent calcium ovalate, 2 4G per cent uric acid, and 5 23 pci cent phos- 
phoius pentoxid 

Calculus 14 — No lnstoiy of the patient The stone was given to me hi Dr 
M H Kahn 

Gioss Appeal ancc — The whole stone was lounded, irregulai, with spinous pio 
jections of the swe of a walnut The portion examined was as white as chalk, 
brittle m general, though firm m aieas, and icry lricgulai 

Chemical Examination — The whole stone was not weighed The poition an 
aly?ed W'eiglied 1 G0G4 gm of which 0 001G gm was moisture From 0 24G7 gm 
of the powdered stone, there weie obtained 0 1731S gm calcium oxalate, or 70 2 
per cent, and 0 0298 gm uric acid or 12 1 pci cent Phosphoms pentoxid was 
piesent to the extent of 10 9 per cent 

Calculus 15 — Histoiy — Renal stone removed post mortem from kidnej b\ 
Dr J Rosenbloom No clinical histoij^ of patient 

Gross Appeal ancc — The calculus was veiy dark brown, broken m several places 
and shaped like the pelvis of the kidney It w as very hard and very jagged 
Chemical Examination — The stone weighed 12 3471 gm , of which theie was 
0 3 per cent moisture The portions examined gave a yield of 90 37 pei cent 
calcium oxalate, 3 4 per uric acid, and G 21 per cent phosphorus pentoxid 

Calculus 1G — No history of the patient Stone gnen to me by Dr Rosen- 
bloom 

Gross Appearance — Grayish-white brittle stone, rounded, with some piojec 
tions It crumbled very easily on the slightest pressure 

Chemical Examination — -The stone weighed 9 7G21 gm Its moisture was 3 1 
per cent The yield of calcium oxalate fiom 0 2317 gm of the stone was 0 2114 
gm , or 913 per cent The yield of unc acid from the same stone portion was 
0 0156 gm or 7 2 per cent The phosphoius pentoxid was 2 1 per cent 


Table or Peecentage Composition or the Calculi 


Number 

Weight 

Moisture, 

Ca Oxalate, Phosphorus 

Uric 

Total 



Per cent 

Per cent 

Pentoxid, 

Acid, 

Nitiogen, 





Per cent 

Per cent 

Per cent 

I 

12 0446 

6 11 

37 4 

51 59 

3 59 

0 91 

II 

0 5114 

4 1 

94 7 

53 

2 1 

1 2 

III 

13 982 

2 1 

29 5 

56 2 

7 46 

42 

IV 

0 6009 

1 08 

63 4 

70 

40 06 

27 3 

V 

14 998 

0 23 

94 1 

6 1 

02 

1 3 

VI 

2 4505 

32 

72 3 

43 

23 6 

129 

VII 

6 175 

1 3 

90 5 

9 01 

05 

4 21 

VIII 

4 0349 

0 04 

91 7 

G 4 

1 01 

0 76 

IX 

5 7725 

0 02 

94 2 

46 

1 8 

1 02 

X 

2 8304 

0 15 

81 6 

95 

93 

3 72 

XI 

15 9125 

04 

73 8 

20 1 

75 

3 1 

XII 

0 9329 

0 43 

80 4 

65 

10 3 

4 62 

XIII 

0 1612 

0 05 

91 3 

5 23 

2 46 

1 09 

XIV 

1 6064 

0 099 

70 2 

16 9 

12 1 

4 3 

XV 

12 3471 

03 

90 37 

6 21 

34 

2 58 

XVI 

9 7621 

3 1 

91 3 

2 1 

72 

5 SI 
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In the paper by Mackarell, Moore and Thomas, the authors suggest 
that gouty tophi may be composed almost entirely of calcium oxalate, m 
spite of the prevailing idea that they are composed of the salts of uric 
acid They had no material on hand and their suggestion was purely 
hypothetical X have been able to investigate the composition of three 
tophi — two from the lobules of the ear and one from a gouty concretion 
m a joint The concietions, however, were m such small amounts that 
no quantitative examination could be made I, therefore, did only the 
murexjd test, and it gave a negative lesult m each of the thiee cases 
H Matthes and E Ackerman 12 lately examined a very large gouty deposit 
and found that it contained 46 7 per cent moisture and 41 7 per cent 
dry substance, of which there was 76 72 per cent sodium urate This 
examination would quite agree with the findings of Wollaston, who was 
the first to state that gouty tophi are mainly composed of sodium and 
ammonium biurate, instead of calcium caibonate as was generally believed 
m his day. 

CONCLUSIONS 

1 The laige majonty of renal stones are composed of the oxalate of 
lime, sometimes the calcium salt is the only component of the stone 

2 Unc acid and the urates are found m small quantities m all renal 
calculi, but it is rare to find a nephnc stone composed mainly of uric 
acid or the urates 

3. The shape, color, consistency, etc, of a stone do not constitute 
criteria of its chemical composition 

4 Gouty tophi aie not always composed of uric acid or the urates 
In thiee concretions examined, a negative murexid test was invariably 
obtained 

These investigations weie conducted m the laboratories of Prof William J 
Gies, to whom I beg to express my smceie thanks for Ins land aid and sugges- 
tions throughout the undertaking I am greatly indebted to Dr Jacob Rosen- 
bloom and Dr Mon is H Kahn for their kind cooperation m procuring material 
for the chemical examinations 

437 West Fifty-Ninth Street 

12 Matthes, H , and Ackerman, E Chemisches Zentralbl , 1909, lxxx, 1490* 



CAUSES OF VARIATION" IN THE PLATELET 

COUNT 

EXPERIMENTAL RESULTS SHOWING THE E ELECT OF DIPHTHERIA TOXIN, 
BENZOL AND TUBERCULIN ON THE PLATELET 
COUNT IN RABBITS 

WILLIAM W DUKE, MD 

KANSAS CI11, MO 

Pnor to the mtioduction of the Wnght and Kmnicutt method, 1 the 
teclmic for counting blood-platelets was either so labonous 01 so inexact 
that veiy little mteiest vas taken in the subject by clinicians, and veiy 
few results were lepoited The lesults lepoited have been at variance 
Investigators have not agreed on the platelet count in health, nor on the 
changes which oceui as a lesult of disease The diveigent opinions 
legardmg the normal count are due eudenth not onl} to the use of 
different counting methods, hut also to a lack of unity legal dmg the 
identit} of platelets Differences of opinion respecting the pathologic 
changes m the count aie largely due, as I shall endeavor to point out 
to the fact that the count may be enormously mci eased or decreased by 
the action of the same agents It would appear that m some diseases 
very high and veiy low counts have the same cause and almost the same 
significance 

The normal platelet count uas found between the limits of about 
150,000 and 250,000 by Pusan, Muir, Deteimann and Helber, between 
the limits of about 200,000 and 325,000 by Hayem, Afanassieu, Van 
Emden and Wright and Kmnicutt, between 266,000 and 469,000 by 
Piatt, at an average of 500,000 by Piuss, at an average of 635,300 bj r 
Brodie and Russell, and between 730,000 and 961,500 by Kemp and 
Calhoun It is evident that the last four or five observers included bodies 
m then counts which the former did not think were platelets A critical 
review of methods for counting platelets has been made by Pratt 1 and 
Wnght and Kmnicutt, 2 etc The results of a series of counts made 

’■Note — Results reported m brief before the Johns Hopkins Medical Society, 
Feb 19, 1912 

*From the Medical Clinic of Piofessor v Romberg, Tubingen, Wurtemberg 
The author desires to express lus thanks to Professor Yon Romberg in whose 
waids and laboratories this woik was completed 

1 Piatt, J H A Critical Study of the Various Methods Employed for 
Enumerating Blood-Platelets Jour Am Med Assn , Dec 30, 1905 

2 Wnght, J H and Kmnicutt, Roger A New Method of Counting Blood- 
Platelets for Clinical Purposes Jour Am Med Assn , Ivi, 1457 
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according to Wnght and Kmnicutt’s method by me on four normal 
individuals during a period of fourteen days, did not differ materially 
from those of Wright and Kmnicutt The lowest count was 196,000, the 
highest 400,000. the average 262,000 The counts are given m detail 
m Table 9. 

Pathologic variation in the platelet count has been attributed to 
various factors, particularly to blood regeneration, fever and malnutrition 
The most constant findings have been 1 A reduced count during the 
febrile period of acute diseases and an increased count during convales- 
cence This change m the count was first observed by Hayem and was 
called by him a Cf hematoblastic cnsis ” It has been noted particularly 
m pneumonia, typhoid fever and malaria 2 An increased count m 
chronic secondary anemia and m splenomyelogenous leukemia, and a 
i educed count m pernicious anemia and lymphocytic leukemia 3 An 
increased count m chronic diseases, particularly tuberculosis 4 A 
reduced count m purpura hemorrhagica Por a review of the liteiature on 
the subject the leader is referred to papeis by Determann, 3 Helbei, 4 
Wright and Kinmeutt, 1 W W. Duke, 5 etc 

My work was undertaken mainly for the purpose of discovering, if 
possible, some of the factors which give use to variation m the platelet 
count The subject was studied both clinically and experimentally 
Interesting changes m the platelet count were observed m diphtheria, 
tuberculosis and nephritis L Selling 0 had previously observed marked 
changes m the count m benzol poisoning To throw light on the findings 
m humans, animals were treated with varying quantities of diphtheria 
toxin, tuberculin and benzol and the effect of these substances on the 
platelet count noted 

METHODS 

Rabbits weie the animals used It was obseived m experiments Gai- 
ned out by me m the Huntenan Laboratory of Experimental Pathology 
that rabbits were better adapted to the study of blood-platelets than dogs 
The changes m the count are more lapid and extreme, the bone-man ow 
is fiee from spicules of bone, and is, therefore, easier to mount for 

3 Determann Khmsche Untersucliungen uber Blutplattchen Aich f khn 
Med , 1S9S, p 3G5 

4 Helbei, E Ueber die Zahlung der Blutplattchen lm Blute des Menschen 
und ihr Yerhalten bei pathologischen Zustanden Deutscli Aich f khn Med 
1004, x\\i 31G 

5 Duke W W The Pathogenesis of Purpura Hemorrhagica The Archives 
Ixt Med , 1912 Hot vet published 

G Selling, L A Preliminary Report of Some Cases of Purpura Hemonhagica 
Due to Benzol Poisoning Bull Johns Hopkins Hosp , 1910, xxi, Ho 227, Benzol 
als Leukotovin (Studien uber die Degeneration und Regeneration des Blutes und 
der hemntopoetisclien Organe) Beitr z path Anat u z allg Path 1911, h, 57G 
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microscopic stucfy, and labbits show fewer ill effects following tbe admin- 
istration of benzol than dogs 

The platelet counts weie made by Wright and Kmnicutt’s method, 1 
■with piecautions mentioned by me 7 m a pievious paper Platelets m 
labbits vaiy greatly in size, especially under the influence of diphthena 
to\m and benzol Sometimes the majonty are as large as human plate- 
lets, sometimes almost as small as bacteria Great care m the technic had 
to be used before constant results were obtained Points to which especial 
attention was paid weie sciupulous cleanliness, caieful balancing of the 
pioportions of cresyl blue and potassium eyanid used m the diluting fluid 
so as to give the platelets a lead blue coloi and avoid the precipitation of 
stain, and the collection of blood foi the counts from hemonhage which 
flowed freely from fresh cuts in the ear veins 

To those who wish to familial lze themselves with the appearance of 
platelets the following piocedure is suggested Allow blood to flow freely 
across a clean glass slide foi about three minutes Wash av ay the excess 
of blood with Wright and KmnicutPs diluting fluid 01 a decalcifying 
solution Cover with a cover-glass Examine with a high dry or oil 
immersion lens Such a preparation contains myriads of platelets 

The platelet count determined by me once m eighteen normal rabbits 
fell between 380,000 and 1,200,000 The aveiage was 757,000 Some 
normal rabbits have high counts, otheis have low ones Change m environ- 
ment is occasionally followed by a change m the count, which maj 
amount to as much as 50 per cent of the ougmal count For this reason 
the animals used m my experiments were kept under constant conditions 
for a few days before observations weie started Fluctuations were then 
not great enough to interfere with the value of the experimental lesults 

THE EFFECT OF DIPHTHERIA TOXIN 8 ON THE PLATELET COUNT 

Series 1 — In Table 1 are recorded results showing the effect on the platelet 
count of doses of diphtheria toxin which caused death in rabbits m three to four 
days In this series of experiments, two doses of diphtheria toxin (0 04 gm m 
2 cc of sterile salt solution) weie given subcutaneously to three medium sized 
rabbits on two successive days On the day following the second dose the animals 
were 'very quiet and sick The ears were cold and the ear vessels so constricted 
that blood for the platelet count was obtained with difficulty On the third or 
fourth days after the first injection the animals died 

Autopsies The renal epithelium was degenerated m high degree The bone- 
mai row was red and soft The mairow cells had a pathologic appearance The 
nuclei of a majority of the megakaryocytes were vacuolated or pyknotic 

7 Duke, W W The Rate of Regeneration of Blood-Platelets Jour Exper 
Med , 1911, xiv, No 3, p 265 

S The diphtheria toxin used in these experiments was prepared and given 
to me bv the Hoechst Farbwerk For this I desire to express my thanks 
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Table 1 Tiie Effect of Labge Doses of Diphtheria Toxin on the 

Platelet Count 


Expenment No 24 

Weight of Rabbit 2 5 Kg 
Dose of 
Date Toxin, 

Gm 


July — 

28 


920,000 

29 

0 04 

970,000 

30 

0 04 

660,000 

31 


200,000 

Aun — 

1 


Found de: 

2 


25 26 
2 5 Kg 2 5 Kg 

Platelet Counts 


810,000 1,200,000 

700 000 860,000 

960.000 1,250,000 

335.000 275,000 

Found dead 390,000 

Found dead 


Remarks 


Animals lively 
Animals sick 

Exp 26 Leuko , 20,000 


Series II — In Table 2 are recorded results showing the effect on the platelet 
count of fatal doses of diphtheria toxin but smallei doses than those used m the 
previous series One dose of diphtheria toxin (0 02 gm mice of sterile salt 
solution) was given subcutaneously to three very large rabbits The animals 
were lather quiet after the third day following the inoculation but did not appear 
veiy ill In each case death occuned rather unexpectedly 

The bone-maTrow changes found m these animals at autopsy were not so marked 
as m the animals of the previous seues The marrow was firm and pink The 
cells were less pathologic m appearance 


Table 2— The Effect of Fatal But Smaller Doses of Diphtheria Toxin 

On the Platelet Count 


Expei invent No 

27 

28 29 


Weight 

of Rabbit 

4 Kg 

4 Kg 3 Kg 



Dose of 



Date 

Toxin, 

Platelet Counts 

Remarks 


Gm 




June — 





2 



640 000 


3 

0 02 

400.000 

830 000 600,000 


4 


310,000 

660,000 690,000 

Animals lively 

5 


Animals quiet 

6 


640 000 

Found dead 440,000 

Animals quiet 

7 


640,000 

480,000 

Animals quiet 

S 


1,400,000 

Found dead 

Animals quiet 

9 


1,040,000 



10 


Found dead 




Snurs III — In Table 3 ue lecoided results showing the effect of sublethal 
doses of diphthena toxin on the platelet count Three small doses of diphtheria 
loxm (0 0012 gm to 0 0024 gm m 1 to 2 c c of sterile salt solution) were given 
subcutaneously to three moderate-sired rabbits The administration was discon- 
tinued as soon as the animals began to show symptoms of poisoning These symp- 
toms ucre very slight and lasted but a few days The animals seemed moie quiet 
than usual and the eais weie cold Aftei two or three days the animals were 
again lively and strong and remained so throughout the experiment Each animal 
uas anemic toward the end of the experiment On June 19 the hemoglobin (Salih) 
and n lute count u ere respectively 55 per cent and 8 060 m Animal 33, 25 per cent 
and 16 000 m Animal 34 and 50 per cent and 5,000 m Ammal 35 The majonty 
of the leukoevtes m each case were polymorphonuclear neutrophils No blasts 
weie «oen Animal 34 June 26 to 30 had severe purpura hemorrhagica This 
experiment has been described and discussed fully m a previous paper 5 Hemor- 
rhamc diathesis m this case «eems to have been the result not the cause of the 
reduced number of platelets No paralysis was observed The animals ueie 
apparently in cood condition at the end of the experiment 
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Table 3— The Eitect or Sublethal Doses or Diphtheria Toxin on the 

Platelet Count 


Expenment No 
Weight of Rabbit 

Dose of Toxin, 
Date Gm 

June — 

13 

14 0 0012 

15 

16 0 001S 

17 0 0024 

IS 

19 

20 


21 

22 

23 

24 

25 

26 
27 
2S 

29 

30 

July— 

1 

2 

3 

4 

5 
0 
7 
S 
9 

10 

11 

12 

13 


33 

34 

35 

2 5 Kg 

2 5 Kg 

Platelet Counts 

2 Kg 

5 SO 000 

430 000 

1 100,000 

540,000 

020,000 

400,000 

500 000 

000 ooo 

920,000 

540,000 

570,000 

1,090,000 

G30.000 

500 000 ^ 

1,080,000 

S00, 000 

090,000 

1,370,000 

1,150,000 

090,000 

1,300,000 

1,200 000 

930,000 

1,900,000 

l,2S0,0O0 

800,000 

1,700,000 

1,270,000 

970,000 

1 000 000 

1,420,000 

1,700,000 

1,900,000 

1,210 000 

1,040,000 

2,040,000 

920,000 

440 000 

1,400,000 

1 080,000 

4,000 

1,300 000 

1,190,000 

4,000 

1,140,000 

1,000,000 

S,000 

1 0S0,900 

050,000 

04,000 

4S0,00O 

720,000 

100,000 

S90.000 

930,000 

150,000 

1,300 000 

940,000 

250,000 

1,500,000 

920,000 

380,000 

1,540,000 

800 000 

400,000 

1,040 000 
1,6S0,000 

1,110,000 

370,000 

1,100,900 

550 000 

200,000 

2,0S0,000 

c 

860,000 

330,000 

1,320,000 


230,000 


SUMMARY OF EXPERIMENTS WITH DIPHTHERIA TOXIN 
The inoculation of rabbits with diphtheria toxin m doses which pioved 
fatal m fiom three to four days, was followed by a rapid fall m the 
platelet count to about one-third of the normal Degeneration of the 
bone-marrow was found at autopsy The nuclei of the megakaiyocytes 
were vacuolated and picnotic The results are shown graphically m 
Chart 1 

The inoculation of fatal but smallei doses of toxin gave lesults which 
were not so marked nor constant as those following the use of the larger 
and smallei doses The bone-mairow changes were not so maiked as 
those of the previous series The results aie shown giaphically m Chart 2 
The inoculation of rabbits with sublethal doses of toxm was followed 
by, first, a rise m the count which leached, m one case, a height of 
2,000,000 , then a rapid fall m the count which leached m one instance the 
low level of 4,000, and finally, by a return of the count to noimal, or by 
a rise above normal, which persisted for a numbei of days Seveie sec- 
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ondaiy anemia developed m each animal toward the end of the experi- 
ment One animal had severe pmpuia hemorrhagica during the period 
m which the platelet count was at its lowest This result is thought to 
be the effect, not the cause, of the diminished number of platelets It 
has been discussed fully m a pievious paper 5 The results are shown 
giaplncally m Chait 3 



Chart 1 



Cliait 1 — The effect of laige doses of diplithena toxin on the platelet count 
in tlnee labbits 

Chart 2 — The effect of smallei but fatal doses of diphtheria toxin on the 



Chait 3 — The effect of subletlial doses of diplithena toxin on the platelet 
count in three rabbits 


THE EFFECT OF BENZOL ON TnE PLATELET COUNT 9 

Series I — In Table 4 are recorded results showing the effect on the platelet 
count of doses of benzol which proied fatal m about eleven days In this senes 
of experiments Merck’s benzol was injected intramuscularly in' two lather small 

0 1 he author wishes to thank Dr L Selling for Ins kind suggestions regarding 

the me of benzol 
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rabbits for a period of five days in daily doses of 2 c c The animals at first 
showed no noticeable ill effects following this procedure After about the fourth 
day, however, it was observed that the ears were cold, that the animals were 
quiet and seemed weak and sick There was noted also loss of hair, loss of w eight 
and anemia The hemoglobin was GO per cent, Sahli, m Rabbit 23 on May 23 
No abscesses developed m these rabbits In dogs treated with benzol m experi- 
ments carried out by me in the Hunterian Laboratory of Experimental Pathology 
there was observed m addition to the symptoms just mentioned, weak, wobbling 
gait, tremor, paralysis, jaundice, a mild tendency to bleed, and lipemia On the 
twelfth day after the first inoculation with benzol Animal 23 was found dead and 
Animal 22 was killed 

At autopsy was found anemia and fatty degeneration of the organs and almost 
complete aplasia of the bone marrow Megakaryocytes were hardly to be found 


Table 4 — The Eitect or Five 2 c c Doses or Benzol on the Platelet Count 




In Two Babbits 



Experiment No 


22 

23 


Approx Weight of Babbit 

1 

Kg 

1 Kg 



Dose of Ben- 

Platelet 

White 

Platelet 

White 

Date 

zol, cc 

Count 

Count 

Count 

Count 

May- 






13 

2 

340,000 


425,000 

6,600 

14 

2 


416,000 

9,800 

15 

2 



608,000 

9,200 

16 

2 



740,000 

11,000 

3,300 

17 

> 

500,000 

6,000 

1,230,000 

18 


990,000 

550 

19 




1,000,000 

280,000 

880 

20 


860,000 

1,600 

2,700 

21 


300,000 

3,400 

5,000 

72,000 

1,200 

22 


120,000 

56 000 

1,G00 

23 


61,000 

63,000 

1,000 

24 


Ammad 


Found dead 




killed 





Table 5 — The Effect of Thbee 2 c c Doses of Benzol on the Platelet Count 

In Two Babbits 


Experiment No 
Weight of Babbit 
Date 
July — 

24 

25 

26 

27 

28 

29 

30 

31 

Aug — 

1 

2 

3 


Dose of Ben/ol, c c 

2 00 
2 00 

2 00 


5 

6 

7 

8 
9 

10 

11 

12 

13 


36 38 

1 5 Kg 1 6 Kg 

Platelet Counts 


520,000 

520.000 

730.000 

690.000 

800,000 

780.000 

880.000 

900.000 

780.000 

820,000 

680,000 

910,000 

810 000 

720,000 

650,000 

1,220,000 

1,000,000 

1,780,000 

710,000 

1,330,000 

1,380,000 

1,320,000 

1,060 000 
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Series II — In Table 5 aie recorded results showing the effect of fewer doses 
of benzol on the platelet count. In this series of expenments three 2 cc doses 
of benzol were given intramuscularly to two moderate-sized rabbits Animals 30 
and 32 of the tuberculin experiments were used The symptoms observed were 
the same as those of the previous series but less severe Subcutaneous abscesses 
formed m each case The animals were m fairly good condition at the end of 
the expei iment 



Chai t 4 — The effect of five 2 c c doses of benzol on the platelet count m two , 
i abbits 



Chart 5 — The effect of three 2 c c doses of benzol on the platelet count in two 
i abbits 


SUMMARY OP EXPERIMENTS WITH BENZOL 
Tlie inoculation of rabbits with benzol in doses which proved fatal m 
about eleven da}s was followed by, first, a rise m the platelet count (in 
one case to a height of 1,230,000), then a rapid fall in the count (in one 
case to a level of 61,000) Severe anemia developed in each animal 
toward the end of the experiment 

The bone-man ow at autopsy was almost completely aplastic Mega- 
karyocytes could hardly be found The results are shown oraphicall/m 
Chart 4 ° 
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The inoculation of labbits with benzol in doses nhich did not piove 
fatal within twenty dais uas followed b^ a giadual use in the platelet 
count (m one ease to a height of 1,7S0,000) The count did not fall 
below nonnal m eithei animal duimg the tune of the expenment (se\en- 
teen days) The lesults aie shown giajilncall} in Chart 3 

THE EFFECT OF TUBERCULIN OX 'J TIE PL VT1 LET COUNT 

Series I — In Table 0 aie accorded results showing the effect of tuberculin on 
the platelet count The doses given in tins senes were large but weie the smallest 
used m this ivoik Fnc doses of Koch’s old tuberculin (0 1 to 0 2 gni in 1 to 2 
cc of a solution of dilute phenol) was gi\en lntianiusculaih to tin ec medium- 
sized rabbits After a lapse of thntj-iwo dais 0 5 gni was gnen The animals 
suffeied no appaient ill effect from the tubeiculni Ihcj remained strong and 
lively tmougliout the expenment 

Table 0 — The Eitect of the Shatter Doses or Ilbircutix on Tin Pt\tetlt 

Count In Rabbits , 


Evpenment No 


21 

22 

23 

Weight of Rabbit 


2 5 Kg 

2 K> 

2 Kg 

Dose 

of lubei 




Date cuhn, Gm 


riatclet Counts 


Ma} — 


1,080,000 

520 000 


20 


1,200 000 

480,000 

740,000 

30 

01 

900,000 

400,000 

000,000 

31 

01 

1,730,000 

590,000 

720,000 

June — 



1 

0 1 

1,300,000 

010,000 

900,000 

2 

0 15 

1,500,000 

730,000 

*•> 940,000 

3 

02 

1,370,000 

720,000 

* 800.000 

4 

5 


1,000,000 

530,000 

710,000 

6 


920,000 

GOO, 000 

000,000 

7 


8 





9 


1,140,000 


720,000 

10 



11 





12 





13 



840,000 

570,000 

July— 



5 

05 


1,100,000 

050,000 

6 



040,000 

700,000 

7 



S10 000 

S00,000 

8 




9 



740,000 

760,000 

10 



11 



S80,000 

600,000 


Series II In Table 7 aie recorded lesults showing the effect of larger doses 
of tubeiculm on the platelet count Tubeiculm gm 1 0 undiluted was given intra- 
muscularly to tin ee ratliei small rabbits On the fifth day after the inoculation 
the animals seemed a little sick and quiet After two or tluee days they seemed 
lively and strong again and remained so thioughout the experiment 
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Table 7 Tnr Effect of Larger Doses of Tuberculin on the Platelet Count 



In Rabbits 



Expenment No 

30 

31 

32 

Weight of Rabbit 

1 5 Kg 

1 5 Kg 

1 5 Kg 

Dose of Tubei- 




Date culm, Gm 


Platelet Counts 


June — 


440,000 

340,000 

14 10 

590,000 

420,000 

380,000 

15 

650,000 

410,000 

390,000 

16 

520,000 

405,000 

420,000 

17 

720,000 

620,000 

1,080,000 

18 

900,000 

580,000 

830,000 

19 


• 


20 

1,200,000 

840,000 

960,000 

21 

600,000 

770,000 

800,000 

22 

550,000 

570,000 

800,000 

23 

630,000 

500,000 

800,000 

24 

520,000 

470,000 

800,000 

25 

520,000 

510,000 

780,000 

26 

730,000 

5S0,000 

880,000 

27 

690 000 

430,000 

900,000 


Series III — In Table S aie recoided results showing the effect of the largest 
doses of tubeiculin on the platelet count Gm 3 0 of tuberculin undiluted was 
given intramusculaily to tlnee small, young rabbits The dose m this series was 
gm 3 0 pei kilo of weight For one or two days after the inoculation the animals 
seemed quiet and sick but on the thud day were again lively Aftei a period of 
one week, tlieie was noticeable loss of weight and at the end of the experiment 
emaciation was quite marked Ulceiation developed on the lund legs of each 
animal at the end of the first week and finally the legs seemed almost to dry up 
The eais also witlveied toward the end of the expenment and blood could be 
obtained only by cutting the laigest vessels Severe anemia developed m each 
animal ton aid the end of the expenment 


Table 8 — Tiie Effect of Large Doses of Tuberculin (3 Gm per Kilo of 


Weight) On the Platelet Count in Rabbits 
Expenment No 36 37 

38 

Weight of Rabbit 

to 

M 

rH 

1 Kg 

1 Kg 

Dose of lubei- 

Date culm, Gm 


Platelet Counts 


July— 

22 

9S0,000 

360,000 

1,200,000 

23 3 0 

S30 000 

790,000 

1,320,000 

24 

S60 000 

650,000 

880,000 

25 

730,000 

S00,000 

1,030 000 

26 

1,290 000 

780,000 

1,113,000 

27 

1,100 000 

1 070,000 

1.360 000 

2S 

29 

910 000 

810,000 


30 

31 

111" — 

1 

2 

900 000 

600 000 

1,900,000 

3 

1 SSOOOO 

530 000 

1 920 000 

4 

2 200 000 

S20 000 

2 320,000 

5 

1 720 000 

S30 000 

1 600 000 

G 

7 

Pound dead 

740,000 

Found dead 
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Chart 6 — The effect of tuberculin m doses of about gm 0 25 per lulo of weight 
on the platelet count of three rabbits Gm 0 G was grven m divided doses during 
a period of five days Aftei an intcnal of Unity -two dnjs a second dose of gm 




Chart 8 The effect of tuberculin gm 3 0 pei kilo of weight on the platelet 
count of three rabbits 






WILLIAM W DUKE 


111 


SUMMARY OF EXPERIMENTS ‘WITH TUBERCULIN 

The inoculation of animals with large doses of tuberculin was fol- 
lowed by a rise in the platelet count in nearly every instance. The change 
m the counts was in general not so marked as that observed m the pre- 
vious experiments The most striking result followed the use of the 
largest doses (3 gm per kilo of weight), in two of which experiments the 
count reached a height of more than 2,000,000 The count did not fall 
below normal in a single instance Severe anemia developed m the ani- 
mals receiving the largest doses The results are shown graphically m 
Charts 6, 7 and 8 

DISCUSSION OF RESULTS 

In a previous paper it was suggested by me that platelets were prob- 
ably very short-lived bodies, or what amounts to the same thing, that 
platelets either disintegrate or are utilized and regenerated m enormous 
numbeis daily This view, while not directly proved, harmonizes well 
with facts as known at present The facts are as follows . 

1 The platelet count under normal conditions is relatively more 
variable than the red count A comparison between the two is well 
shown m Table 9, m vlnch are recorded a series of platelet counts made 
by me m four normal individuals, and m Table 10, m which are recorded 
senes of red counts made by Professor Burker 10 


Table 9 — Platelet Counts in Four Normal Individuals 


Date 

1 

2 

3 

4 

May — 





9 

275,000 

295,000 

290,000 

315,000 

10 





11 





12 

220,000 

300,000 

280,000 

240,000 

13 





14 


2SO,000 



15 


270,000 


190,000 

16 

225 000 

300,000 

300,000 


17 




220,000 

IS 


240,000 


190,000 

19 

230,000 


350 000 


20 

225,000 


275,000 


21 


260,000 

• 


22 

196,000 


400,000 


23 

220,000 




24 

240,000 


250,000 


Highest count 

275,000 

300,000 

400,000 

315,000 

Lowest count 

106,000 

240,000 

250,000 

190,000 

A\ erage 

224 000 

264,000 

306,000 

231,000 


10 K Barker. Ueber we Here Yerbesserungen der Metbode zur Zaklung roter 
Bluthorperchen nebst eimgen Zalilresultaten Pflugers Archiv f ges Physiol 
mil cxln, 337 “ 
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Ta.dt u 10 — Inn Elo Count iv Normal Pi nsovs as Ousniu rn n\ Pnon ssor 


Penod I* 

Blrki it 

Penod II 

Penod III 

5,250,000 

5,470,000 

5,420,000 

5 370,000 

5,320,000 

5,270,000 

5,320,000 

5 2SO.OOO 

5,150,000 

5 330,000 

5,370,000 

5,300,000 

5,200,000 

5,430,000 

5,220,000 

5 170,000 

5,400,000 

5,410,000 

5,120,000 

5,250,000 

5,430,000 

Highest count 5 470,000 

Lowest count 5,120,000 

Aiernge 5,320,000 


*The counts veie made on succcssne da\s in tlic same lndnidunl at three 
penods about five necks apait 

2 The platelet count -when pathologicall) increased oi deei eased is 
moie variable than the count undei noimal conditions Daily fluctua- 
tions may be as great as the noimal count Desuits lecoided m Table 11 
obtained from patients with adumced phthisis (A) and seveie nephritis 
(B), both obseived by me m the clinic of Professoi Bombeig, arc given 
as examples The led count is ncvei subject to such gieat and lapid 
changes as these 


Table 11 — Piatelet Couvts iv a Patient with (A) Adaavced Phthisis, (B) 

Sea ere Nephritis 

A B 


Date 

June — 

Platelet Counts 

Date 

May — 

Platelet Counts 

14 

210,000 

9 

1,260,000 

18 

4,000 

10 

1,120,000 

20 

10,000 

12 

760,000 

21 

1,000* 

16 

575,000 

22 

110,000 

19 

535,000 

23 

210,000 

24 

510,000 

24 

295,000 

25 

540,000 

25 

330,000 

26 

640,000 

26 

385,000 

2S 

760,000 

27 

520,000 

29 

800,000 

28 

550,000 

June — 


30 

720,000 

1 

786,000 

July— 

8 

560,000 

1 

720,000 

15 

400,000 

7 

640 000 

16 

350 000 

12 

400,000 

25 

1,400,000 

17 

500,000 

July 

3 

900,000 


. 

5 

500,000 


3 It was demonstrated by me 3 * * * 7 m the Hunterian Laboiaton of Experi- 
mental Pathology and m the pathological laboratory of the Univeisity 
of Kansas that the total number of platelets m the blood of dogs can be 

legeneiated within a period of from three to five days To piove this 

dogs veie bled m amounts of 200 to 250 c c The blood was defibunated 

and lemjected mtiavenousB This process was lepeated fiequentty at 

slioit intervals, so that finall} the fibrinogen of the circulating blood was 
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i educed to a tiace Platelets are removed fiom the blood by defibimation 
The platelet count of these animals was tlieiefore also reduced to a mini- 
mum Counts were made at shoit intervals aftei the operation, and the 
late at which it returned to normal was observed In each of the five 
expei mients the count reached normal within from thiee to live days 
The lesnlts obtained m two of these expei mients are shown giaplneally m 
Chait 9 As compaied with the rate of regeneration of red cells m a 
condition somewhat analogous (secondaiy anemia), that of the platelets 
is much more lapid The regeneration of the total number of platelets 
m the blood is a mattei of days, while the legeneration of about 50 per 
cent of the red cells is a mattei of weeks The relatively slow rate at 
which red cells axe regenerated m dogs when their number is reduced by 
bleeding and injection of salt solution, is shown m Chart 10, m which 
aie lecorded graphically the lesults obtained by Di P M Dawson 11 * 



Ch.nl 9 — About 90 pei cent of the platelets m two dogs were lemoved fiom 
the cn culation by witlidianing, defibrinatmg and lemjeetmg 200 ce amounts of 
blood siv to ten times duiing a penod of four hours The cliait shows the rapid 
late at ■which the count lose after it -was thus reduced It leached normal m one 
annual on the fouitli daj , m the otbei on the fifth 

4 In a pieuous papei 12 I lepoited results obtained fiom the studv 
of iwo patients obseived m the Massachusetts General Hospital, who had 
hemonhagic disease Both patients had veiy low platelet counts (3,000 
to 20,000) Following dnect transfusion of blood, the counts were found 
to be 123,000 and S9.000, respectively The raeiease m the count was 
due evidently to the liitioduction of the donor's platelets into the patient's 
circulation The counts fell again rapidly aftei transfusion and within 
thiee dais reached then pievious low level The red counts also 
mci eased by the transfusion, lemamed high for a period of weeks 

11 Dm son P M Effects of Venous Hemorrhage and Intra\enous Infusion 
m I)og= Am Join Pln^iol 1O00 iv Xo 1 

Duke V Y\ I he Relation of Dlood-Platelets to Hemorrhagic Disease 
lom Am Med Asm 101 0 h, 11S3 c 
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The following expenment was perfoimed by me m the Huntenan 
Laboratoiy of Experimental Palliologi A dog uas tieated foi six dajs 
with mtramusailai injections of benzol The platelet count at the begin- 
ning of the experiment uas 284,000 Three dajs after the last dose of 
benzol the count uas 26,500 The animal was then bled and transfused 
by the Chile method 13 An animal of the same bleed ■was used as donor 
Immediately after transfusion the jilatelet count was 179,000 Twent}- 
four hours later it had fallen to 110,000 The led count was also increased 
by tiansfusion and remained high This experiment was, of course, incom- 
plete It is repoited simply m continuation of the lesults obtained m 
/ humans 

The above facts admit several possible interpretations At piesent 
the following seems to me the most logical Future work may prove it 
erroneous 



Chart 10 — Kesults of Dr P M Dawson The red count m two dogs was 
reduced by withdrawing a large amount of blood and replacing it with salt solu- 
tion The chart shows the relatively slow rate at which the red counts rose after 
they were thus reduced They did not reach normal m three weeks The conditions 
of these experiments and of those of Chart 9 would seem to be somewhat analogous 

Let us assume that the average length of life of platelets m a given 
individual is four days If the platelet count weie 400,000, we could 
suppose that m this individual about 100,000 platelets disintegrated 
and were regenerated daily If now the rate of formation of platelets 
were suddenly doubled through the action of some stimulating agent, the 
count would rise rapidly to 800,000, and if made fivefold would rise m a 
few days to 2,000,000, that is, if the platelets formed under the new 
conditions lived out the same life cycle as those formed under normal 
conditions If now the increase m the count to 2,000,000 were brought 
about by an agent which first stimulated, then paralyzed the production 

13 The transfusion w r as carried out by Dr W D Gatch, to whom I desire 
to express my thanks 
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of platelets, a fall m the coimt at an aveiage late of 500,000 a da} would 
take - place the day the parah sis w as complete If the paral) sis occui red 
suddenly the count would fall from 2,000,000 to 0 withm a period of four 
dajs The fundamental point m this assumption is that the life ercle of 
the platelet is short, that is, that platelets are desiiojed and regenerated 
m enormous numbeis daily' Let us see how it confoims to actual fact 
It would harmonize with the fact that the platelet count is leas con- 
stant than the red count If the daily disintegration of platelets is 25 
per cent of the total number m the blood, one would expect that the 
count would be less constant than the red count, where the daily disinte- 
gration is relatively much less in amount. Likewise, it would haimoni/e 
with the fact that platelets can increase oi deciease m number so rapidly 
m various pathologic and experimental conditions A pathologic rise oi 
fall m the count at the rates ob c er\ed (often 500,000 per day) would not 
seem remarkably gieat if the normal rate of f duration were 100,000 pci 
dav If, liower er, the normal late of foimation were sar 20,000 per 
day, a pathologic rise or fall such as that mentioned would seem \ei} 
large (twenty -five times the normal rate). If the latter weie true, we 
would have to assume that fluctuations obserred m my experiments were 
the effects of agents highly stimulating or destructive. This is of course 
a possibility, but does not harmonize well with all our facts The same 
reasoning may be applied m accounting for the fact that the platelets 
mtioduced into the circulation of the patients with hemorrhagic disease 
to which I refeired, disappeared so rapidty In this case we had normal 
platelets m plasma, which may or may not hare been destructive to them 
If the life cycle of the platelet is normally short, the rapid disappearance 
was a more or less physiologic incident; if the life c}cle is normalty long, 
the platelets must have been destroyed prematuiety 

Wlnle the assumption of either a short or long life cycle foi platelets 
may be consistent with the results already mentioned, that of a normally 
long life would not account w r ell for the fact that platelets can be regen- 
erated so rapidly after tlreir removal from the circulation by repeated 
defibrination of the blood Such a view w r ould suppose that the expen- 
mental condition led to a rate of generation of platelets which was much 
greater than the normal This is, howevei, possible It may be that a 
lack of platelets or some other condition m the experiments was a power- 
ful stimulus to platelet generation It may be repeated, however, that 
analogous stimulation to the formation of eiytlirocytes (the lack of red 
cells in secondary anemia) causes no such rapid use m the red count 
While I believe that platelets are generated and destroyed at a rapid 
rate under normal conditions, and that this is a factor which must be 
constantly borne in mind when one interprets the meaning of pathologic 
variation m the platelet count, I do not deny that other factors may play 
a part For example, m the experiments with large doses of benzol and 
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diplitliena toxm, it Mas noted that the platelets became smallei and 
smallei as the count io«e It is not impossible that platelets m the blood- 
stieam weie bioken up into smallei pieces by the action of the^e agents 
and that this contubuted to the lapid n«e m the count It is also pos- 
sible that ihese small platelets observed m the expenmental conditions 
dismtegiated moie lapidly than noimal platelets, and that this con- 
tubuted to the lapid fall in the counts which followed It is possible 
that platelets in the ciiculating blood aie deployed by ben/ol and diph- 
theria toxin, and that this gate use m pait to the fall m the counts noted 
m some of the expeuments It is haid to behe\e, howevei, that such 
oecuued m the expeuments with diplitliena toxin of Senes III The 
count did not begin to fall m these animals until ten days or moie aftei 
the administration of the last do«e of toxin, and at that time the animals 
had appaiently ieco\eied fiom the dnect ill effects of the poison One 
othei possibility must also be mentioned It is well knowm that aftei 
animals hare been tieated with a foieign seium 01 peptone, platelets 
have a tendency to clump and form capillaiy plugs The result is that 
the platelet count may be eonsideiabh i educed It is possible that a 
clumping of the platelets oecuued m some of my animals and diminished 
the numbei in the en culatmg blood To me it does not seem probable 
however First, the platelets were always eienly distributed when the 
blood was mixed with Wnglit and Ixmnicut’s solution Second the fact 
that the animals der eloped anemia and had pathologic changes m the 
bone-mariow suggests another cause for the fall m the counts Furthei 
experiment is necessary, liowevei, before this point can be definitelv 
settled 

The experiments, I believe, can best be mteipieted as follow's 

Diphtheria to\in in large doses is immediately poisonous to the hone marrow 
— possibly also to the platelets in the blood stieam — and causes an immediate fall 
in the platelet count 

Benzol, as administered in the experiments of Senes I (that is in laige doses), 
and diphtheria toxin as administered m the expeuments of Series III (that is, 
m sublellial doses), act first as stimulants and then as poisons to the progenitors 
of platelets, thus causing first a rise and then a fall m the platelet count It 
may be that platelets themselves aie also affected by these agents and that this 
factoi conti lbutes to the change in the counts It is believed that the rapidity of 
the changes can be accounted for best by assuming that platelets noimally aie 
shoi t lived bodies 

Benzol, as administered in the experiments of Senes II (that is, m smaller 
doses), and tubeiculin act for a period of ten days or more as stimulants to the 
foimation of platelets Iso evidence of a poisonous effect dui mg this period was 
obsened m my experiments In two of the experiments with diphtheria toxin of 
Sei les III, the irritating effect of the poison u as greatei and more lasting than the 
poisonous effect The actual result was an mciease m the platelet counts It 
seems likely that still smallei doses uould produce an uritant effect only 
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The experimental ivoik gives us a clearei conception of some of the 
piocesses which cause vanafion of the platelet count and enables m io 
undex stand hettei the finding-, m humans In the Childiens Hospital of 
Piofessoi Esclieiicli 1 made a niimbei of platelet counts on patients with 
diplitheiia As a lule. the count was i educed dui mg the febnle penod of 
the disease (lowest count 3,000) and mci eased dm mg comale=eence 
(highest count 730,000) The opposite change, howciei. was al®o 
obseived, that is, an meiease m the count dm mg the febnle penod and a 
leduction m the count aftei the dealing of the membianc 'The count® 
then followed the phases of Ila^ems cri®i® a® a lule, but the ie\er=e of 
this also occuned Examination of Chait 31 m which i® lecorded giaph- 
ically the etfect of laiung doses of diphlhena toxm on the platelet count 
show r s sinking!} that midei the influence of diplitheiia toxm the platelet 
count may lange at almo®i aii} le% el at alino®t mi} time The hehnnoi 



Cliaifc 11 — The effect of diplitheiia toxin m -waiving dosage on the platelet 
count in rabbits (A) Laigest dose (B) Smallei but fatal doses (C) Sub- 
lethal doses 


of the count depends on the amount of the toxm admmisteied, and pos- 
sibly also to a slight extent on the individual iesi®tance of the animal 
It suggests that HayenTs cnsis m humans with diphtheria is the result 
of a laige amount of toxin, and that the leversc change is the effect of a 
smaller amount Low' counts w'ould indicate a gieatei toxemia than high 
counts, and low' counts eail} in. the di®ease a moie seveie case than low' 
counts late m the disease 

I made a number of platelet counts on patients with phthisis and 
nephutis m the medical clinic of Piofessoi Rombeig The platelet count 
m patients xvith advanced phthisis was as a lule mci eased, occasionally 
very much so (highest count 1,000,000) In two cases it was greatly 
reduced for a short time (m one case to 55,000 , m another to less than 
1,000) In patients with severe nephritis and minaiy leiention the 
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count was increased as a mle — occasional^- veiy much increased (highest 
count 1,260,000) In no ca^e was it leduced Pratt, 14 however, has 
repoited a ease of neplmtis m which the platelet count descended to 
9,000, and Detennann 3 an instance in which the count was 90,000 It 
w r ould appeal that the platelet count maj be vei} much increased oi veil 
much decieased m phthisis and neplmtis In diphtheria, the count is 
inci eased and decieased by one and the same agent, diphtheria toxin It 



Chart 12 — The effect of benzol m varying dosage on the platelet count in 
rabbits (A) Dose fatal m eleven days (B) Smaller dose 
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Chart 13 — The effect of tuberculin m varying dosage on the platelet count in 
rabbits (A) Largest dose (B) Smaller dose (C) Smallest dose 


seems that the high and the low counts of phthisis and possibly also of 
neplmtis and of many other diseases may be likewise the effect of vaiymg 
quantities of one and the same agent High counts would seem to be the 
effect of doses which act as uritants, low counts the effect of poisonous 


14 Pratt, J H A System of Medicine Osier and McCrae, vol iv, p GS1 
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doses It would appear fiom the data at hand that where flic agent 
effecting the count is a mild one (such as tuberculin and picsumably also 
the platelet poisons of nephniis 01 phthisis) the count is inci eased as a 
tide , and in iaie cases ? educed Whcic the agent is a stionger one (such 
as benzol or diphtheria toain) the counts aie more quickly and mailccdh j 
alteicd, and low counts (the effect of poisonous doses ) aie more pcqueni 

SUMMARY AND CONCLUSIONS 

Tlie inoculation of labbits with doses of diphthena to\m winch pioied 
fatal m three days was followed hy an immediate fall m the platelet 
count to about one-thnd of the noimal Severe degenciation of the 
bone-mariow was found at autopsy The nuclei of a majoriti of the 
megakaiyucytes were vacuolated or pyknotic 

The inoculation of rabbits with subletbal doses of diphtheria toxin was 
followed by, first, a rapid use m the platelet count which leached m one 
instance a height of 2,040,000, then a lapid fall m the count which 
reached m one instance the low lev el of 4,000, and finall} b) a use m the 
count to normal or bj a rise above the normal which peisisted foi a 
number of dais The animals developed severe anemia touaid the end 
of the experiment 

The inoculation of rabbits with five 2 c c doses of benzol u as followed 
b^, first, a rapid rise in. the platelet count m one instance to a height of 
1,230,000, then a rapid fall m the count m one instance to 61,000. The 
animals developed seveie anemia The bone marrow at autopsy was 
almost completely aplastic Megakaryoc) tes weie liaidly to be found 

The inoculation of rabbits with tlnee 2 cc doses of benzol was fol- 
lowed by a gradual use m the platelet count, m one instance to a height 
of 1,780,000 The count did not fall below noimal dunng the peiiod m 
which observations were made 

The inoculation of rabbits with tubeicuhn was followed m nearly 
every instance hy a rise m the platelet count The most sti iking results 
followed the use of the largest doses (gm 3 pei kilo of weight) In two 
instances the count exceeded 2,000,000 In no case did the count fall 
below normal Seveie anemia developed m the animals leceivmg the 
largest doses 

These data it is thought, admit the following intei pi eta tion Diph- 
theria toxm m large doses is immediately poisonous to the bone mairow — 
possibly also to platelets themselves — and causes an immediate fall m the 
platelet count 

Benzol m large doses and diphtheria toxm m sublethal doses, act first 
as stimulants, and then as poisons to the platelet-forming organs and 
cause thus first a rise and later a fall m the platelet count It is possible 
that the platelets themselves aie also affected by these agents, and that 
this contributes to the change m the counts 
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Tubeienlm m laige clones, benzol m small doses and possibl) also 
diphthena toxin m vei} small do^es, act foi a eeiiam penod of time onl} 
as stimulants to the piogenitois of platelets and cause onlj a rise m the 
platelet count 

It is believed that both the high counts and the low platelet counts 
obseived bj' me m humans with diphthena aie caused b) the action of 
vai}ing amounts of one and the same agent — diphthena to\‘m Low 
platelet counts m this disease would indicate a moie seveie toxemia than 
high counts, and low r counts eail^ m the disease a moie severe cose than 
low counts late m the disease Tins leasonmg it is believed ma) appl) 
to othei diseases also, and would seem to account foi the occunence of 
high platelet counts and low r platelet counts m the Same pathologic 
conditions 

It has been suggested b} =eieial obseneis that a poieit}' of the blood 
in platelets plajs a lole m the pathogenesis of purpuia hemonhagica 
The w r oik lepoited lieie suppoits this new r Puipuia hemorrhagica of a 
ceitamtype w r as obsened m etei3 r instance (human and expenmental) in 
wlneli the platelet count descended to a certain low level 

The view expiessed b3 r me m a pievious papei that platelets weie 
piobabfy veiy shoit-lived bodies haimonizes with the lesults repoited lieie 
and it is believed accounts foi the fact that the platelet count can use 
and fall with such iapidit3 
1130 Rialto Building 
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THE EFFECTS OF EXPERIMENTAL CHRONIC PASSIVE 
CONGESTION ON RENAL FUNCTION 


L G ROWNTREE, MD,R FDZ, MD, and J T GERAGIITY, MD 

I1M TIMOIU 

By experimental methods, the pioduction of varying giades of chrome 
passive congestion of tlie kidney has been attempted m older to determine 
its effect on the urinary and clinical findings, on the excretory capacity 
of the kidney as revealed by certain functional studies and on the 
histological stiucture of the kidney. 

In every eaidiorennl case vlnch lie encounters the physician confronts 
problems which he is called on to solve Is the heart or kidney chiefly 
involved m this case ? Which is moi e responsible f 01 the clinical picture 
here exhibited’ Do permanent and lirepaiable oigamc changes exist 
m the kidneys which preclude the hope of reestablishing a condition of 
relatively good health, 01 will the decreased lenal function ictum to 
normal with the improvement m the cardiovascular system consequent on 
the enforced confinement to bed? Can cliionic passive congestion alone 
be responsible for the clinical findings? Shall the treatment be directed 
chiefly to the heart or to the kidnejs? Can chronic passu e congestion 
itself intei fere to any consideiable degice with the excietmg capacity of 
the kidney or can it per se institute pathological piocesses which result 
m or g anic and irreparable changes which decrease the capability' of the 
kidney to carry on its work ? 

By correlating the data obtained from this study with those obtained 
by utilizing clinically these identical functional tests m a rather extensive 
series of cardiac, cardiorenal and renal cases, we have attempted to 
devise some means whereby these problems can be successfully attacked 




The effect of partial or complete obstruction to the Tenons retain 
from the kidney on the urinary picture and the histology of the kidnev 
lias been already investigated Hobmson' (1843) shelved that complete or 
partial tying off of the renal vem resulted in the appearance of albumin 

^Submitted for publication Nov 25, 1912 
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or blood, or both, m tbe -urine, and m the enlargement of the kidney 
itself He also perfoimed a one-sided nephrectomy and showed that 
albumin sometimes appeared m the mine following such an operation, 
but that by tying the aoita below the level of the renal arteries, together 
with the above mentioned operation, the appearance of albumin in the 
urine was more likely to occur Hone of Robinson’s animals lived more 
than four and one-lialf days 

Robinson’s work, as well as that of several other investigators, Meyei 2 
(1844), Ererielis 8 (1851), Goll 4 (1851), Ludwig 5 (1856), Munk° 
(1864), Erythropel 7 (1865), Stockvis 8 (1867), Weissgerber and Peris 8 
(1877), Litten 10 (1879), Posner 11 (1880), Cohnheim 12 (1882), and 
Heidenham 13 (1883), has unquestionably established three facts m rela- 
tion to complete or partial obstruction of the venous return from the 
kidney for periods varying from hours to a few days 

1 Albuminuria is produced 

2 Hematuria results, particularly if the lumen of the vem be greatly 
narrowed 

3 Humerous epithelial cells, singly, m groups, or as epithelial casts, 
appear m the urine 

There is not the same unity of opinion concerning the occurrence of 
easts in the urine under these conditions, Munk, for example, stating 
that fibrous and gelatinous casts (Faserstof und Gallert) are never 
encountered except where nephritis coexists Burkart 14 also states that 
following ligation of the renal vein he obtained infarction of the kidney, 
but no casts m the urine The consensus of opinion, however, is that 
casts do occur when the venous return is interfered with, having been 
described by Frerichs, Erythropel, 'Weissgerber and Peris, Runeberg 15 
and Litten 

Another phase, the effect of obstruction of venous outflow on the 
quantity of urme excreted, has also been investigated Paneth 10 (1886) 
m cleverly devised experiments on anesthetized animals in which known 
weights were allowed to make traction on a thread, the loop of which 

2 Meyer Arch f phys Heilkunde, 1844, m, 116 

3 Frerichs Die Bright’sche Nierenkrankheit und deren Behandlung, 1851, 
p 276 

4 Goll Ztschr f rat Med , iv, 78 

5 Ludwig Physiologie, n, 416 

6 Munk Berl khn Wchnsclir , 1864, i, 333 

7 Erythropel Ztschr f rat Med , 1865, xxiv, 217 

8 Stockvis J de m6d , chir et pharm , 1867, xlv, 22 

9 Weissgerber and Peris Arch f Pathol u Pharmakol , 1877, vi, 116 

10 Litten Untersuchungen uber den hemorrhagischen Infarct, 1879, p 3 

11 Posner Virchow’s Arch f path Anat , 1880, Ixxix, 311 

12 Cohnheim Allg Pathol , 1882, n, 314 

13 Heidenham Herrmann’s Handbuch der Physiologie, 1883, v, 324 

14 Burkart Die Harncyhnder, Berlin, 1874, p 46 

15 Runeberg Deutsch Arch f kLn Med , 1879, xxm, 225 

16 Paneth Pflliger’s Arch f d ges Physiol , 1886, xxxix, 515 
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was placed about the inferior \ena cava aboie the entrance of the renal 
vein, or about the renal "vein itself, shoved that ■venous congestion always 
caused a decrease m the urinal y output. Eien the mildest giades of 
congestion were never associated with a normal 01 increased amount of 
urine Similar conclusions had been diawn by Munk° (1864) 

Scliwaiz 17 (1900) states that paitial obstruction of the renal ■vein of 
one side resulted m a iclatne polyuna on that side This he claimed 
could be obtained with more certainty when the blood was first 
defibnnated 

De Souza 15 (1900) repeated this woik with exactly opposite Tesults 
e^ven when the blood was defibnnated He sharply criticized the w*ork of 
Schwarz, pointing out that the flow of urine fiom eithci side, m Schwarz’s 
experiments, was exceedingly small lie concluded that any interference 
wuth the return flow* of blood fiom the kidney icsulted in lessened urinary 
output 

Ignatowski 10 (1905) determined the effect on the lenal function of 
ligating one renal ■vein, the oilier kidney being left untouched. He 
showed that the urine for the next twenty -four hours was scanty m 
amount, poor m ehlorid and in urea, contained albumin and blood. He 
later tied the remaining renal •vein, death occurring within a few days 

The work of these \anous mvestigatois has dealt essentially with 
the immediate effect (hours to foul days) of partial or complete obstruc- 
tion of the venous icturn from the kidney on the amount of unne, the 
presence of albumin, blood and casts m it, and on the histological picture 

The problems with wdnch w r e deal are. the effects of % ary mg giades 
of permanent chronic passne congestion (pariial obstruction to venous 
return) on the urinary pictuie, on the functional capacity of the kidney 
as mealed by functional studies, on the kidney histologically, and on the 
general condition of the organism elsewdiere 

METHODS 

The method utilized for the production of chionic passive congestion 
of the kidney consisted bnefiy of the application of constricting bands 
about the renal veins or about the vena cava above the entrance of the 
renal veins The bands v r ere obtained by cutting sections appioximately 
1 cm in length fiom oidmaiy Coude catheteis which were sterilized by 
boiling for a penod of two or three minutes 

The dog’s abdomen was opened aseptically The vessel about which 
the band was to be placed was isolated and thoroughly freed from the 
surroundmg tissue The section of catheter was slit longitudinally, 
opened, flattened out, and grasped between the blades of an artery forceps 
m such a manner as to prevent it from curling back into its original shape. 

17 Schwarz. Arch f Physiol u Pathol , 1900, xhn, 15 

18 De Souza Jour Physiol , 1900, xxvi, 139 

19 Ignatowski Compt rend Soc de biol , 1905, lvm, 130 
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The band was slipped under ilie isolated vessel and giasped on the other 
side with forceps By caieful manipulation it was allowed to curl back 
into its original shape, enclosing the vessel within its lumen Heavy silk 
ligatures weie then tied about it, m the centei and at either end, Holding 
it thinly m place The degiee of congestion produced was controlled by 
the calibei of the hand utilized, by one-sided neplnectomy, and by ligat- 
ing or leaving untouched the vessels concerned in the collateral cnculation 
of the kidney The dog was then allowed to lecovei fiom the anesthesia 
and was placed m an appiopnate metabolism cage for immediate obser- 
vation 

After a series of functional studies the animal was turned loose until 
such a time as another senes was wanted Repeated ohsei rations at 
periods of days or weeks were made on the unne and on the lenal func- 
tional capacity Finally the dogs weie killed and the kidneys studied 
fiom a pathological point of view 

We have in this manner attempted to create conditions simulating as 
nearly as possible those existing m cases of cardiac decompensation 
In clinical cases there is stasis which undoubtedly intei feres until the 
free flow of blood from the kidney Since the lieait action m cases of 
decompensation is weakened, there must exist a dispioportion between 
the driving force on the arterial side and the outflow on the venous side 
And while oui experiments have been conducted on animals with noimal 
hearts, the constriction of the vein leads here also to a dispiopoition 
between the inflow and the outflow Theiefore, we may assume that the 
conditions of onr experiments actually lesemble the conditions encoun- 
tered clinically 20 as closely as experiments with animals with normal 
hearts will permit 

The functional tests used m this connection were essentially five, e g , 
phenolsulphonephthalein, lactose, salt, potassium lodid and water In 
our earlier studies the excretion of certain other dye substances was 
studied m certain cases as was also the glycosuria following the injection 
of phlondzm It became apparent eaily that nothing was to be gained 
from the continued use of indigo carmin and carbol fuchsm (rosanilm) 
m this connection , 21 inasmuch as they were excreted roughly m propor- 

20 We are aware that m certain respects differences do exist Although in 
the pressure exerted a similar relative disproportion exists in the two conditions, 
naturally where the ms a tergo is normal the absolute pressure may be greater 
Furthermore, there is a possibility that the insufficient oxygenation of blood 
generally, m broken compensation, plays a role m determining renal function We 
do not think so much m this connection about the diminished oxygen supply to 
the kidney as of the possible toxicity of the waste products of other organs which 
suffer from lack of oxygen, affecting renal function 

21 Personal observations to be published later For discussion of these tests, 
see also publication of Rowntree and Geraghty, Jour Pharm and Exper Theiap, 
1910, l, 579 
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tions paralleling tlie excietion of plitlialem The use of the indigo 
carmrn was discarded, since its colonmetnc properties aie not well 
adapted to accurate quantitative woik Both drugs aie excreted much 
moie slowly than is tlie plitlialem The glycosuna following the adminis- 
tration of phloridzm seems to bear some lelation to the excretion of 
lactose under similai conditions, e g, glycosuna is prolonged Phlorid- 
zm glycosuria, however, is exceedingly variable under an 3 r conditions and 
it was considered moie advantagous to use only lactose, on which greatei 
reliance can be placed 

In some of our later experiments observations were made on the urea 
and nitrogen content of the hlood, which has been considered "by Pievost 
and Dumas 22 (1821), Clinstison 23 (1831), Bnght 21 (1836), Pienchs 25 
(1851), Ascolr 20 (1901), Strauss 27 (19 02), Muller 28 (1904), Ober- 
meyer and Popper 20 (1911), Holilweg 30 (1911), Widal 31 (1911), von 
IsToorden 32 (1907), to be materially augmented wherever marked decrease 
rn the excretory capacity of the kidney exists 

A brief description of these various tests, together with the technic, 
follows 

The Plitlialem Test was used according to the ongmal technic 
described by Eowntree and Geraglity. 33 One cubic centimeter of a 
phenolsulphonephthalem solution containing accurately 6 mg was 
injected under antiseptic precautions into the lumbar muscles of the 
dogs, which were then placed m metabolism cages A catheter was passed 
at the expiration of an hour and ten minutes and the total urine for 
this period collected The urine was made distinctly alkaline, diluted to 
1 liter, and the amount of drug piesent determined by the use of our 3 ' 1 
modification of the Autenrieth-Konigsbei ger colorimetei In our previ- 
ous work with this test we have already determined that the output for 
noimal dogs is 50 per cent., oi more, foi this period 

22 Prevost and Dumas 1821 Cited by ScliondorfT, Pfltiger’s Arcb f d ges 
Physiol , 1899, lvuv, 307 

23 Chnstison On Granular Degeneration of the Kidney, 1834 

24 Bright Guy’s Hosp Hep , 1836, i, 358 

25 Frenchs Die Briglit’sche, etc, 1851 

26 Ascoli Pfluger’s Arch f d ges Physiol , 1901, lxxxvn, 103 

27 Strauss Die clironischen Nierentziindungen m ihrer Emwirkung auf die 
Blutflussigkeit und deren Beliandlung, 1902 

28 Moller Verhandl d Deutsch path Gesellscli , 1904-5, vn-ix, completing 
No 80 

29 Obermever and Popper Ztschr f klm Med, 1911, lxxn, 332 

30 Hohlweg Deutsch Arch f klm Med, 1911, civ, 216 

31 Widal Bull et mdm Soc m6d d h6p , Pans, 1911, Series 3, xxxn, 627 

32 Von Noorden Metabolism and Practical Medicine, 1907, n, 486 

33 Rowntree and Geraghty Jour of Pharra and Exper Therap , 1910, i, 579. 

34 Rowntree and Geraghty The Archives Int Med , 1912, ix, 284 
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The lactose, potassium xodid, salt and water tests, which have received 
a thorough study at the hands of Schlayer 35 and his cowoikers m relation 
to the renal function m experimental acute toxic and vascular nephritides, 
and also in relation to nephritis as it exists clinical]}', weie applied to this 
study of the renal function in clnonic passive congestion Schlaycr’s 
technic was adhered to as closely as possible 

Lactose was shown by Yoit 30 to be excieted quantitatively by the 
kidneys following subcutaneous or mtraienous administration De 
Boms 37 showed that lactose was excreted by the glomeruli Schlayer 
therefoie adopted it as a means of deteiinimng the functional capacity 
of the glomeruli m various foims of expenmental nephritis and in the 
nephritides encountered clinically lie admits that its excretion is 
delayed m passive congestion, and therefore m his clinical studies he 
avoided cases which exhibited cardiac inefficiency He considered delay 
in lactose excretion to be evidence of functional derangement of the 
vasculai system Since it is a substance foreign to the body and con- 
sequently not subjected to the many extrarenal factors winch influence 
the excretion of water, he places Ins chief reliance on this test for infor- 
mation concerning the vascular functional capacity Schlayer worked 
with rabbits and administered the lactose inti avenously We have worked 
with dogs, injecting it mto the lumbar muscles 

Since De Bonis does not claim that lactose is not excreted by way of 
the tubules but merely that it is well excreted by the glomeruli, we 
thought that the f log’s kidneys might furnish valuable information m 
regard to the mechanism of the excretion of lactose Nussbaum 38 showed 
that the tubules m the frog’s kidney are supplied by the renal-portal 
system which is entirely separate and independent of the aitenal supply 
of the glomeruli This work has been confirmed by Beddard, 39 Cullis, 40 
and Bowntree and Geraghty 38 An attempt was, therefore, made to see 
if the Log’s kidney could excrete lactose m the absence of the glomerular 
system 

Large male frogs, Rana catesbiana , weighing about 300 gm, were 
pithed, their abdomens opened by long incisions on each side of and 
parallel to the anterior abdominal vein The left kidney was exposed 
and all the arterial connections severed by means of the Paquelm cautery 

35 Schlayer and Takayasu Deutsch Arch f klm Med , 1910, xcvm, 17, 1911, 
ci, 333, and Schlayer, 1911, cu, 311 

36 Voit Deutsch Arch f klm Med , 1897, Ivin, 545 

37 DeBoms Giorn Internat d sc irted , 1907, xix, 446, 451 

38 Nussbaum Plluger’s Arch f d ges Physiol, 1878, xvi, 179, xvn, 580 

39 Beddard Jour Physiol , 1902, xvm, 20 , see also Bambndge and Beddard 
Jour Physiol, 1906, xxiv, Proe of Physiol Soc p ix, and Biochem Jour, 1906, 
i, 255. 

40 Cullis Jour Physiol , 1906, xxxiv, 250 
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as suggested by Beddard A cannula was then inserted into the anterior 
abdominal vein and a small glass cannula inserted into tlie left uretei 
Protocols will indicate the course of the experiment and the results 
obtained 

PROTOCOLS OF EXPERIMENT 

I Ringer’s solution was perfused from a Manotte flask through the renal- 
portal system under a pressure of 35 cm of water Perfusion for fifteen seconds 
every three minutes was begun at 12 30 and continued until 12 50, no urine being 
secreted At this time sufficient sulplionephtlmlein to make a 1 per cent solution 
was added to the Itmger’s solution and perfusion continued until 1 30 p m , still 
no urine being excreted Sufficient urea and lactose were then added to make a 1 
per cent solution of the former and an 8 per cent solution of the latter and the 
perfusion continued At 1 45 the unnaTy flow started, phthalem making its 
appearance but lactose being absent At 2 p m sugar was lecovered from the 
urine excreted 

II Ringer’s solution was pel fused from a Manotte flask through the renal 
portal system under a pressure of 35 cm of water Perfusion for fifteen seconds 
every three minutes was continued from 3 30 p m to 4 p m without any flow of 
urine At 4 p m , sufficient lactose to make a 0 5 per cent solution was added 
to the perfusing fluid Urinary flow started at 4 1 5 p m A trace of sugar was 
in the urine at 4 45 p m Phtlialein ( G mg ) and sufficient urea to make a 2 
per cent solution were added to the perfused fluid at 5 p m At 5 30 p m the 
urine contained sugar and phthalem 

The kidney was perfused at 5 p m with a saturated solution of Prussian blue, 
immediately removed and placed m absolute alcohol Serial sections were made 
but no blue found m the glomeruli 

From this it is seen that tbe frog’s nrmaiy tubules are capable of 
excreting lactose We feel, therefore, that sufficient proof has not been 
presented that lactose is excreted by the glomerular system entirely 

From a repetition of Schlayer’s work on acute toxic nephritis and 
our own, as well as his experience with its use as a functional test clin- 
ically, and from the evidence presented m this study, we feel that the 
mechanism of its excretion differs essentially from that of phthalem, 
salt, indigo carmm, etc Throughout tins investigation we have used it 
as Schlayer did as an index of the condition of the vascular function of 
the kidney, admitting, however, that we need much moie information 
concerning the manner and significance of its excretion 

TECHNIC 

Oui technic was as follows 3 gm of lactose m 15 c c of distilled water was 
injected into the lumbar muscles under aseptic precautions The animals were 
placed m metabolism cages, cathetenzed at the end of four hours, and thereafter 
every half hour up to eight and nine hours The total amount of lactose excieted 
m four hours was determined polarimetncally m a great many instances by the 
Schmidt and Haenisch instrument, but since the time necessary for total elimina- 
tion is considered by Schlayer to be of greater importance, we have studied this 
more particularly The presence of lactose m the urine has been determined by 
means of the Fehlmg and Nylander tests The total time necessary for com- 
plete excretion of lactose under such conditions normally does not exceed six hours 
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Potassium Iodid Test — Potassium iodid uas one of the first sub- 
stances to be utilized m connection with functional lenal studies, being 
introduced by Duckworth 41 m 1867 It appeals quickly m the urine 
following its administration by mouth, Quelsch 42 stating that it appears 
in nine to eighteen minutes after a 2 gm dose, Roux 43 tlniteen mmutes 
aftei a 3 gm dose, and Studeni 41 thnteen to eighteen mmutes after a 1 
gm dose The time lequned for complete elimination, as stated by dif- 
ferent authors, vanes maikedly According to Geislei, 40 6 gm require 
twenty-five houis, Roux, 5 gm require thirty hours, Studeni, 1 gm 
requires thirty to tlmty-six houis Anten, 40 0 5 gm requires foity liouis, 
Schlayei and Takayasu’ 7 and Monokow, 48 0 5 gm requires forty-eight 
hours Schlayer, m his studies, however, did not considei anything less 
than sixty houis to be a delayed excretion time following 0 5 gm by 
mouth 

Accordmg to the studies of Schlayei, potassium iodid is excreted by 
the tubules of the kidney and on it he has placed most dependence m 
determining tubular functional capacity Anten 40 showed that the excre- 
tion is not hastened by the occunence of diuresis It has been claimed by 
Schlayer and Takayasu 4 " that its excretion is not influenced by chronic 
passive congestion and that it is not delayed m cases of cardiac decompo- 
sition, characteristics which, if tiue, would make it of tremendous impor- 
tance m differentiating cases of pure passive congestion of the kidney 
from passive congestion associated with neplmtis 

In our studies 0 5 gm of potassium iodid was administered by 
stomach tube and its presence m the urine determined by Sandow’s 49 
test This amount we have found normally to be excreted within foi ty- 
eight houis, but, like Schlayer, we have considei ed a delayed excretion 
only that which, continues for more than sixty hours 

In certain instances, on account of vomiting, the drug was given 
directly into the blood by means of an mtracaidiac injection Following 
such administration it is entirely eliminated normally within twenty-four 
hours 


41 Duckworth St Barth Hosp Rep , m, 216 

42 Quetsch Berl klm Wchnschr , 1S84, xxi, 353 

43 Roux Thfese de Pans, 1890, No 248 Experiences sur l’elimmation des 
jodures par l’unne 

44 Studeni Untersuchungen uber die pliysiologische Ausscheidung der Jod- 
preparate durch den menschlichen Harn Zurich, 1897 

45 Geisler Cited by Anten (Note 46) 

46 Anten Arch f Path u Pharm , 1902, xlvm, 331 

47 Schlayer and Takayasu Deutseh Arch f khn Med, 1911, ci, 354 

48 Monokow Deutseh Arch f khn Med 1911, cn, 309 

49 Sandow’s method consists of adding 1 c c of 2 per cent sodium nitrite solu- 
tion and 1 c c of 10 per cent H 2 S0 4 to from 10 c c to 30 c c of urine, followed by 
the addition of a small amount of chloroform This is shaken together and 
allowed to separate into layers, the presence of the iodid being indicated by a pur- 
phsh-red or violet color m the chloroform 
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The Salt and Water Tests —The excretion of salt following its admin- 
istration m amounts greatly m excess of that ordinarily taken until the 
food, is accomplished by the tubules, according to Schlayer Normally a 
large amo un t of salt is excreted by one of two methods If it is given 
without extra water it is almost entirely excreted within twenty-four 
hours, without diuiesis, by increased salt concentration m the urine, if 
given with an excess of water it is excreted partially through increased 
coneentiation m the urine and partially through diuiesis 

Where vascular injury to the kidney exists we may have the simple 
administration of salt followed by a marked diuresis, all of the salt being 
smoothly excreted in twenty-foui hours without its percentage content in 
the urine being at all increased This is usually associated with a some- 
what low and fixed specific gravity and the syndrome is spoken of as 
“vascular liypostlienuiia ” Heie the inability to concentrate is not due 
to any incapacity of the tubules to excrete salt, but on hypersensitive 
vessels which respond to the salt administration with a diuresis In 
more severe \ascular injury the vessels do not act m the same waj r , 
oliguria characterizing the unnary pictuie In seveie tubular destiuc- 
tion, a urine of fixed low specific grauty is obtained, the quantity of 
which is not materially affected by the administration of salt and the salt 
content of which is not augmented by admmistiation of extia amounts of 
salt because of the inability of the tubules to excrete it Such a condition 
is known as “tubular hyposthenuria ” 

In this study the daily excretion of salt, both as to pei cent and total 
excretion, was first obseived, the animal being kept on a constant diet 
An extra 3 gm of salt were given by mouth and the effect on the per- 
centage content m the uime and on the total salt output for the following 
twenty-four houis determined In ceitam instances, where administra- 
tion of the salt by mouth produced vomiting, 1 5 to 2 gm of salt were 
given intravenously or directly into the heart by an mtracardiac injection 
The Lutke-Martius 50 method was used throughout m the clilorid deter- 
minations 

VARIOUS METHODS OF ‘PRODUCTION OF CHRONIC PASSIVE CONGESTION 

OF KIDNEYS 

In order to obtain passive congestion of the kidneys, bands weie 
placed, by the technic described above, on one or both renal veins, on the 
vena cava above the entrance of the lenal veins, on the aorta below the 
OTigm of the renal arteries, while simultaneously vessels concerned m the 
establishing of collateral circulation were ligatured, the production of 
hyperemia was attempted by placing a band about the aorta below the 


50 Sabli Diagnostic Methods, 1911, 177 
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lovel of the lenal arteries. The urinary picture, functional renal capacity 
and pathological findings obtained following these various methods are 
indicated below 

A BAND ON THE VENA CAVA ABOVE ENTRANCE OF RENAL VEINS 

The effect ot placing a constricting band on the vena cava just above 
the entrance of the renal veins, without handling the kidneys or inter- 
fering in any way with their collateial circulation, is shown m the follow- 
ing protocols* 

Hotjnd Bitch I — Weight 15 kg 

February 3 Was etherized A hand was placed about the inferior vena cava 
just above the entrance of the renal veins, constricting the cam to about one-third 
its normal size 

February 4 Animal is apparently feeling icrv well, eats and drinks normally 
and is playful 

February 5 and 0 Urine 81 shows a trace of albumin a few hj aline and granu- 
lar casts, no red blood-cells or pus Plithalem output normal — 70 per cent m an 
hour Lactose excretion delayed, 50 per cent excieted m four hours, positne 
after eight hours 

February 14 and 15 Wound has healed perfectly Dog apparently m normal 
condition 

Urine Albumin a trace, negative for blood, pus or casts Plithalem normal, 
52 per cent m an hour Lactose excretion shghth delaved, 27 per cent for four 
hours, still faintly positive at seven hours Salt well concentrated 

February 27 and 28 Animal appears normal Plithalem 05 per cent Potas- 
sium lodid, forty-eight hours Lactose, six hours 37 gm salt excreted on a 3 
gm intake Salt concentrated good 1 2 per cent The kidneys are therefore func 
tioniilly normal 

April 22 to 24 Animal ib normal apparently Urine shows a trace of albumin, 
but sediment contains no abnoimal elements Plithalem CO per cent Potassium 
lodid 48 hours Lactose slightly delayed — seven hours 

May 13 Animal is pregnant Urine excreted in fair amounts Specific gravity 
1,040, slight trace of albumin No casts or blood Plithalem and salt normally 
excreted while potassium lodid requires sixty hours Lactose more delayed than 
at last observation, still strong in urine after eight hours 

June 1 The bitch gave birth to a litter of pups Her condition was excellent 
No functional studies were made 

Bitch II — Weight 7 2 kg 

January 31 Band placed about inferior vena cava just above entrance of 
renal veins Ether anesthesia lasting one hour 

February 1 and 2 Animal m excellent condition, behaves normally Urine 
contains albumin 14 to % per cent , shows a few granular casts and epithelial cells 
Phfhalem output is normal, 60 per cent Phlondzm glycosuria persisted four 
hours Lactose excretion delayed urine strongly positive for sugar at end of 
eight hours 

February 5 Excreted 150 c c of urine on a 500 c c fluid intake Intake of 
salt 5 4 gm with only a trace excreted Urine shows only a slight trace of albumin 
and a few' hyaline and granular casts 

February 19 to 23 Animal apparently normal Phthalem 60 per cent for one 
hour Lactose is delayed, urme reacting strongly at end of seven hours Salt 
excreted m good concentration, 2 per cent — 4 gm output on 5 gm intake Potas- 
sium lodid requires seventy -t i o hours for excretioi 

March 8 Dog has developed distemper Chloroformed 


51 All urinalyses here recorded were made on catheter samples 
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From these experiments it is evident that a moderate obstruction to 
the infenor vena cava above the lei el of the renal veins causes no serious 
change m the renal function A persisting mild albuminuria is produced 
•which is associated early with the presence of casts The urinary output 
is fair in amount The excretion of lactose is markedly delayed, salt 
excretion may be somewhat slow at first, but later is normal. The 
potassium lodid was delayed m one animal, normal m the other The 
phthalein was absolutely normal tlnoughout That no serious injury to 
the renal function is produced is evidenced by the subsequent history of 
the animal Eventually a practically normal functional picture is 
obtained, although slight albuminuria peisists 

BANDS OX BOTH RENAL VEINS 
Bitch III — Weight 35 kg 

December 19 Moderately tight bands placed on both renal veins 
December 21 and 22 Urine small m amount, shows albumin and numerous 
red cells but no casts The phthalein was excreted m a mere trace on the 21st, and 
8 per cent for one hour on the 22d Only a trace of rosanilin excreted 

December 2G Animal is feeling badly , walks about but does not eat Vomits 
after drinking small quantities of water Wound is infected Phthalein and 
rosanilin were injected but no trace of them could be found in urine at end of 
one hour Urine is very scanty, containing albumin and blood 

December 28 pound dead No careful study of the condition of the renal 
veins as to thiombosis or slipping of the band, etc , vas made 

Bitch IV — Weight 10 kg 

January 22 Bands placed about both renal veins causing marked congestion 
January 23 Animal is exceedingly playful Phthalein output 52 per cent 
January 25 to 31 Animal m excellent condition Urine is normal m amount 
and contains albumin % to *4 per cent On some examinations the sediment con- 
tains a few hyaline and granular casts and a few red blood cells while at other 
examinations sediment is normal The phthalein is excreted normally, 52 per cent 
m one hour Rosanilin is also well excreted Potassium lodid is markedly delayed, 
100 hours being required for total excretion Lactose is markedly delajed, while 
salt is excreted normally — 1 4 per cent and absolute output 5 gm on a 5 2 gm 
intake The g^cosuria following phloridzm is x r ery slightly prolonged 

February 14 and 15 Animal m excellent condition Phthalein output 65 
per cent Salt excreted well 1 5 per cent concentration and 6 5 gm absolute on a 
6 gm intake Potassium lodid excretion still delayed — eighty hours Lactose 
slightly delayed — six to seven hours Urine plentifully excreted, 500 c c on 600 
c c intake of water Sediment negative for pus, blood and casts 

February 20 The abdomen v,as again opened Both kidneys were seen to be 
enlarged and markedly engorged The capsular veins were strikingly enlarged and 
tortuous The left kidney was removed for histological study The band was 
found m place surrounded by fibrous tissue and the veins not thrombosed 

A BAND ON LEFT RENAL VEIN , RIGHT-SIDED NEPHRECTOMY 

A more pronounced grade of congestion was attempted through a 
right-sided nephrectomy and a band about the vein of the remaining 
kidney The effect of such a procedure on the renal function was studied 
on several dogs, the results appearing m Table 1 
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13G THE ARCHIVES OR INTERNAL MEDICINE 

From a study of tins table it is at once evident that a kidney sub- 
jected to such usage does not suiter scnously ovei any gieat penod of 
time Even on the day following the opeiation the animal may appear 
1101 mal The unne is fan m amount, contains some albumin, red blood- 
cells, a few hyaline and gianular casts, but the phthalem output m many 
instances is little, if any, 1 educed The lactose, bourn ei, is mvanably 
delayed maikedlj', the excietion of potassium lodid is usuall) eonsideiably 
delayed and the salt not veil exeieted As time pi ogi esses it becomes 
more apparent that the functional nrjui} is slight — the phthalem output 
lapidly increasing to noimal, if it has been at all i educed "Weeks or 
months after the opeiation the animal is noimal to all appearances A 
unnalysis, however, usually leveals a trace of albumin, m which micro- 
scopically a few gianular and I13 aline easts aie seen A functional study 
shows noimal phthalem, lodid and salt excietion, while the lactose is 
slightly delayed 

The establishment of a good collateial circulation was thought to be 
probably responsible foi the rapid letuin to normal of the kidney 
function 

The effect of ligating the vessels chiefly involved m collateial circula- 
tion of the kidney simultaneously with the opeiation descubed above was 
investigated The band was placed about the lenal vein at its entrance 
to the mferioi vena cava The ovarian vein, at its entiance to the renal, 
as well as one of its branches, a laige vein which passes fiom the lower 
pole of the kidney to the ovary, was ligated In some mstances one of 
the lumbar veins and the suprarenal vein weie also tied 

The results obtained from a study of this senes of animals aie shown 
m Table 2 These animals can be divided into two groups Group I, 
including animals IX, X, XI and XV, m which the bands were of 
moderate tightness only, and Group II, m which the bands were made 
very tight All four animals of Group I show a normal, or only slightly 
reduced, phthalem output at first The quantity of urme excreted was 
large, contamed albumin, but blood and casts were absent m two animals 
The lactose was markedly delayed m all, salt excreted fairly well m two, 
and the lodid normally m two and delayed m anothei 

Dogs IX and X both showed a sudden marked diop m the phthalem 
output four or five days after the operation The first subsequent exam- 
ination of the urme showed large numbers of red blood-cells, probably 
indicating the occurrence of thrombosis m the renal vein, inasmuch as 
thrombosis was enoounteied at autopsy in each case Dog X was par- 
ticularly interesting, living for more than a week with a low phthalem 
output, the lactose, salt and lodid excretion being also very low The 
urme was plentiful and of low specific gravity, contained much albumin, 
numerous red cells and a few easts The dog throughout this period was 
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only in fair condition, at times playful and sprightly, but on the whole 
inclined to lie quietly and to sleep Vomiting occurred at intervals 
Dog XV differed fiom the others of this group m that only one col- 
late al channel was ligated, e g, the ovanan vein just at its entiance to 
the renal vein On the tlnid day following opeiation the animal was 
only m fair condition The, urine was laige m amount, containing con- 
siderable albumin and casts The phthalem and lodid output were 
noimal, while lactose was markedly delayed and salt exeieted with gieat 
difficulty At this time it became appaient that the dog was developing 
distemper Latei, on the seventh to the ninth days the albumin had 
disappeared and the only abnormal constituent present m the sediment 
was an occasional east, the phthalem output being practically noimal — 
42 pel cent On the ninth day the animal died, the autopsy leveahng a 
maiked typical bionchopneumoma, no peritonitis, an immense left kidney 
with a tremendous amount of eollateial circulation and beginning thiom- 
bqsis, localized m the vein at the site of the band 

Group II is composed of two dogs, XIII and XIV The bands placed 
on the lenal veins of these dogs were very small In Dog XIA 7 the 
ovanan, and the veins at the lower pole which empty into the ovarian, 
lumbar and supiarenal veins weie ligated Both animals weie exceed- 
ingly sick from the time of operation until death Dog XIII exeieted 
only a few cubic centimeteis of urine after the opeiation This was full 
of blood and no phthalem was recovered within an hour The animal 
died after forty-eight horns The kidney was found much enlaiged, the 
band m place, with thrombosis of the vein A tremendous subcapsular 
hemorrhage, the blood having partially dissected the capsule, was found 
The kidney showed marked chronic passive congestion 

Dog XIV excreted 325 c c of urme on an intake of 200 c c of water 
on the day following operation The urme contained albumin, blood and 
casts The phthalem output was only 1 5 per cent , and the lactose 
maikedly delayed As the animal was vomiting repeatedly, the salt and 
lodid weie administered by an mtracardiac injection The lodid was 
entirely excreted within twenty-four hours, but the salt was poorly 
excreted Again on the following day only a trace of phthalem was 
recovered The animal died on the fourth day The kidney was double 
the normal size with the band m place The vein was patent at the site 
of the band, but thrombosed distally The capsulai and ovarian veins 
were markedly engorged and a peculiar fleshy-like tissue (probably 
hemorrhage) was found between the layers of the capsule m the region 

of the pelvis of the kidney The animal also showed some broncho- 
pneumonia 

To show the similarity of Cases XIII and XIV, from the point of 
view of urinary and pathological findings, to the picture following a 
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sudden complete ligatuie of tlie lenal tem aftei lemoval of the opposite 
kidney, the data relating to Dog XII is included m this table On the 
day following opeiation the animal was veiy ill and only a few cubic 
centimeters of bloody urme could be obtained on catheterization. Tins 
contained casts of various kinds — hyaline, gianular and blood After 
this no urme was obtained At autopsy the kidney was found to weigh 
52 5 gm (R 34 gm ) and to be daik violet m coloi Between the layers 
of the capsule and m the tissues just outside of the capsule about the 
renal and ovarian vems was a large hemoirhage with clots of dark blood 
of varying age The glomeruli were leiy distinct and maikedlv con- 
gested — more so than m any other kidneys met with m this study 

COLLATERAL CIRCULATION OF THE KIDNEY FOLLOWING GRADUAL BUT 
COMPLETE OCCLUSION OF TnE RENAL VEIN AND THE 
CONDITION OF RENAL FUNCTION UNDER 
TIIFSE CIRCUMSTANCES 

It has been suggested m the earliei part of this paper that great 
importance is to be attached to the development of collateral circulation 
following gradual and piogressive occlusion of the renal vein An effort 
has been made to asceitam just how important collateral circulation may 
become m determining the state of renal function under such conditions 

Following the application of the band to the renal vein m dogs the 
capsular, ovarian, lumbar, supiaienal and uieteral veins become markedly 
engorged and distended These enlarged vessels piesent a striking vas- 
cular picture which has been previously described by Litten 

The extent and tremendous importance of this development of col- 
lateral circulation is indicated by the following piotocols 

Dog VIII Weight 6 kg , had the right kidney lemoved and a moderately tight 
hand placed about the left renal vein on January 27 Three months later the 
renal function had returned to normal save for a slight albuminuria and a slight 
delay m lactose excretion A second operation was performed May 16, at which 
time it was seen that a tremendous collateral circulation involving the capsular, 
ovarian, lumbar, and suprarenal veins, had been established and that the renal 
vein itself was relatively small The renal vein was tied and the abdomen closed 
The animal s venous circulation, therefore, was entirely collateral On the day 
o °\vmg the operation urine was secreted which contained a large amount of 
albumin, blood and casts, but the phthalem excretion was 50 per cent for an 
our During the next two days the animal was m good condition The lactose 
was delayed over eight hours, but salt and lodid were excreted normally At the 
present time, two weeks later, albuminuria and delayed lactose excretion still 
persist, otherwise the animal seems perfectly nounal 

Dog IV Weight 10 kg , had bands placed about both renal veins on Jan 22, 
1912 In the course of a few weeks function had returned practically to normal 
On February 20 a second operation was performed, the left kidney being removed 
The animal made a perfect recovery and the functions quickly again returned to 
practically normal On May 24 a third operation was performed The right 
kidney was found to be greatly enlarged and associated with a tremendous col- 
lateral circulation The renal vein was tied at its entrance to the vena cava, the 
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abdomen closed and the animal allowed to recover On the following day the 
dog was in good condition with a fair urinary secretion (259 c c ) containing albu- 
min, blood and casts The phtlialem output was 40 per cent Two days later the 
lactose was found to be delayed for more than eight hours Salt and lodid were 
excreted normally The animal was in excellent condition, but the wound was 
badly infected 

Iii two instances tins remaikable condition lias been seen, e g, an 
animal living m apparently good health, secreting practically a normal 
nrme and exhibiting an excellent condition of renal function with the 
renal vein tightly ligated. This affoids striking evidence of the great 
importance of collateial cn dilation wheie gradual obstruction to the 
venous return fiom the kidney develops 

Although, own n g to different anatomical conditions m humans, so 
great a development of collateral circulation may not be possible, it 
undoubtedly is a mattei of extieme importance where gradual venous 
obstruction occuis 

To summarize, then, it is evident that, aftei a one-sided nephrectomy, 
the application of a model ately tight band about the other renal vein 
causes marked congestion of the remaining kidney The congestion is 
associated at fiist with the production of a good quantity of urine which 
contains usually albumin and casts and sometimes blood The excretory 
capacity of the kidney is not senously injured, as evidenced by a good 
phtlialem output The excietion of lactose is always markedly delayed, 
as is usually also that of the lodid and salt With the development of a 
good collateral circulation the congestion becomes less intense, the 
albumin, blood and casts become a less pronounced feature of the urinary 
picture The phtlialem, lodid and salt may all be normally excreted, but 
the lactose is still delayed Two or thiee months after such an operation 
the most probable abnoi malities will be a very slight trace of albumin 
and a delayed lactose excretion 

When a moderately tight band is applied and the collateral channels 
ligated, the same picture is encountered during the following two or 
three days as is seen when the collaterals are left open Thrombosis of 
the renal vein is apt to develop, however, and its occurrence is associated 
with the appearance of a large amount of blood m the urme and a sudden 
marked fall m the phtlialem excretion ISTausea and vomiting develop 
The amount of urme at first may be laige All the excretory functions 
finally fail and death ensues 

When an excessively tight band is applied to the renal vein and the 
collateral channels are ligated, the effect is usually similar to that which 
would be encountered following complete ligature, e g, large amounts 
of albumin and blood, together with the excretion of minimal traces of 
phthalem, lactose, lodid and salt Thrombosis occurs and death results 
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The magnitude and importance of the development of collateral cir- 
culation following gradual obstruction to the return renous flow is 
indicated by the demonstration of the possibility of animals living and 
exhibiting a good renal function where the occlusion of the renal vein 
has been gradual, hut complete 

THE EFFECT OF PLACING A BAND ABOUT ONE PENAL VEIN, THE OTHER 
KIDNEY REMAINING UNDISTURBED URETERAL CATHE- 
TERIZATION OE BITCHES 

Experiments were also made foi the pui pose of determining the effect 
on the unnary picture and on the total renal function of applying a band 
to one renal tem, the otliei kidney being undisturbed Simultaneously, 
a comparative study was made of the mine fiom a noimal kidney and 
that from a kidney with chronic, passive congestion in the same animal 
B} r such a method it is possible to determine the effect pet se of congestion 
on function 

In older to determine the function of each individual kidney it vas, 
of course, necessary to collect the urme separately fiom the two sides 
This was done by means of ureteial cathetei ization and was accomplished 
without discomfort to the dog The animal vas tied down on its back 
with comfortable holding straps and the ureteral cathetei s introduced m 
the manner constantly emplo} r ed m the clinic 

In order to use the ordinary instruments foi uieteial cathetei ization, 
large bitches are necessary It would be possible to use comparatively 
small bitches if a smgle-bai relied catheteiizmg instrument laige enough 
to carry a single ISTo 6 E catheter were employed In older, however, 
to cathetenze both ureters, and at the same time carry catheters large 
enough to obtuiate them effectively, an instrument of at least 24 F must 
be employed The ureteral orifices are readily recognized m the bitch, 
and as a rule but little difficulty is encountered m entering them But, 
owing to the curved course of the ureter m the vesical portion, passing 

the catheter higher than 2 cm frequently requires considerable manipu- 
lation 

The Brown-Buerger catheterizmg cystoscope Ho 24 F and Ho 6 
flute-end catheters were used m all of our experiments When the 
internal orifices cannot be recognized readily, an injection of indigo 

carmm intramuscularly will, within a few minutes, clearly indicate their 
positions 

Bitch XVI Weight 18 kg , showed a normal renal function as determined 
by functional tests On January 18, a moderately tight hand was applied about 
the left renal vein Five days later the phthalem output was practically normal 

On February 9, both ureters were catheterized without anesthesia by the technic 
described above The urme was obtained for twenty minute periods as follows 
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Table 3 —Urine from Bitch XVI With Band On Lett Renal Vein 


FIRST PERIOD 


Amount, 
c c 

Sulphone- 

phtlialem, 

Per Cent 

Indigo 

Carmm, 

Per Cent 

Sp Gr 

Urea, Gm 

UH 

O 

Hi 

-p i 

Vo 

PS 

H 

1 

•a 

ps 

Left 

Right 

Left 

Right 

Left 

•*3 

'§> 

PS 

1 9 

*10 

63 3 

100 

59 0 

100 

1 010 

1030 

0 0145 

i 

0 015 

i 

SECOND PERIOD 

2 1 

1 3 

64 7 

100 

64 1 

100 

1 005 

1 014 

0 015 ^ 

0021 


*Tlie urine from the side having the smaller amount was diluted to the quan- 
tity of the other and then the two urines compared in the Duboseq colorimeter 
The diluted urine of the right side was much more intensely colored than that of 
the left In these tables the relative amount of dye substance of the side con- 
taining the smaller amount is expressed as percentage of the other 

Table 4 — Urinary Findings in Bitch XVI .After 300 o c. Water By 

Stomach Tube 

first period 


Urine 
c c 

Sp Gr 

Sulphone- 

phthalem, 

Per Cent 

Indigo 

Carmm, 

Per Cent 

Sodium 

Clilond, 

Per Cent 

Left 

Right 

Left 

-4-5 

to 

PS 

Left 

•+5 

to 

f3 

Left 

Right 

Left 

•p 

Tb 

PS 

67 1 
1 

1 50 1 
1 

| 1 010 J 

j 1 017 

79 0 

100 

78 

100 



SECOND PERIOD 


j 70 

1 

1 010 

1 019 

73 2 | 

1 100 

| 

67 

100 

0 20 

I 0 36 


THIRD PERIOD 


1 6 9 1 1 010 

1 f ! 

| 1 010 ' 


1 



1 


February 16, 300 c c of water was given by stomach tube one half hour before 
catheters were m place The right ureter was eatlieterized and the urine of the left 
side collected transvesically The leakage was practically zero — not more than O' 5 
cc for any period of twenty minutes 
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On March 19, a phtlialem test was made in the usual way, showing an output 
of 70 per cent m one hour 

On April 3, the animal was hilled by bleeding, owing to severe septic infection 
from a -wound in the leg The kidneys were found to be of about equal weight, 
48 gm each The band -was in place, exerting but moderate pressure on the vein, 
which was patent and free from thrombosis The cut surface of the kidney did 
not exhibit marked evidence of congestion Uiere was thinning of the cortex in 
two or three areas at the lower pole, over winch areas the capsule was found to 
he adherent The capsular veins of the left kidney were markedly engorged and 
there was considerable enlargement of the vessels concerned m the collateral cir- 
culation 

Bitch XXII — Weight 8 kg , was subjected to operation on Maj 10 and a 
moderately tight band placed about the left renal vein Ten davs later the animal 
was in excellent condition, the plithalem output normal Chlorbutanol was admin- 
istered by stomach tube, the lower abdominal wall opened m the median line and 
the bladder exposed The urethra was tied and the bladder sewed down the mid- 
dle from the urethra to the apex of the bladder, with a fine needle and fine silk 
A glass bladder cannula was then placed m ench half of the bladder In order to 
start urinary secretion it was found necessary to inject 40 cc of 5 per cent NaCI 
solution intravenously The urine w T as then collected from each side separately 
for one hour periods The results of these studies rie tabulated below 

Table 5 — Urinary Findings in Bitch XXII With Band Abound Lett 

Renal Vein 


riBST PERIOD 


Urme, 

cc 

Sp Gr 

1 

Sulphone- 
plitlialem. 
Per Cent 

1 

Urea, 

Mg 

Per c c 

Indigo 

Carmin, 

[ Per Cent 

Lactose, 

Gm 

Carbol- 

fuchsm, 

Per 

Cent 

Left 

Right 

Left 

Right 

Left 

-w 

"to 

(3 

Left 

to 

M 

Left 

Right 

Left 

Right 

Left 

Right 

16 7 

14 0 

1013 

1 009 

83 

100 

4 

10 








Total phthalein output 46 per cent for one hour 


SECOND PEBIOD 



THIRD PERIOD 


10 5 


12 4 


1 031 


1 028 



100 





FOURTH PEBIOD 


10 8 


11 2 

1015 

1007 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

60 


100 


Total X from 10 c c of mixed urine from left side, 0 0536 gm 
Total X from 10 c c of mixed urine from right side, 0 0658 gm 











143 


L G ROWNTREE—R FITZ—J T. GERAGHTY 

On opening tlie abdomen the left kidney appeared considerably larger than the 
right and a good collateral circulation had developed In order to demonstrate 
that there was no communication between the two halves of the bladder, water 
was slowly injected into one half, and recoveied through the corresponding 
catheter, without any flow from the other side The animal was killed by bleed- 
ing The right kidney weighed 25 gm and the left 25 5 gm 

These experiments are interesting and instructive from several points 
of view A greater excretion of urine has been encountered on the side 
where the venous return was obstructed in several observations which, m 
one case, extended ovei a period of weeks. This beais out the contention 
of Schwaiz as to the possibility of encountering mm eased unmvnj output 
with obstiuction to venous ietum } and directly disproves the claims of 
Paneth and de Souza It shows, further, that even m the presence of the 
relative polyuria on the congested side that the per cent of solids, as 
indicated by the phthalem. mdigo-carmm, lactose, uiea and salt content, 
is greater from the normal than from the congested side The experi- 
ments further suggest that the water goes by preference through the 
slightly congested kidney, whereas the excietion of solids is considerably 
interfered with The uniform relative excretion of the same dye on 
different occasions, as well as the parallelism of the excretion of dilfeient 
dyes at the same obseivation, is exceedingly sti iking The truth of 
Albarran’s claim, l e , that with forced fluid the extra demand for secre- 
tion is responded to by the normal kidney, is demonstrated by the gi eater 
output of water from the right kidney in the second and thud period of 
the first experiment The excess from the right kidney began at the 
proper period at which the polyuria should appear The fact that the 
water only, and not the salt, lactose, caibol-fuchsm, the lndigo-carmin 
and phthalem, are increased is also significant 

BANDS ON THE AORTA BELOW LEVEL OE RENAL ARTERIES 

A greater quantity of blood was directed through the kidney by 
euttmg off to a considerable degree its escape from the aorta below 
Moderately tight bands, which constricted the aorta to approximately 
half its normal diameter, were applied just above its bifurcation. This 
experiment alone was performed on one animal, combined with a nephrec- 
tomy on a second, and with nephrectomy and a band on the renal vein 
on the third The following protocols indicate the results . 

Bitch XVI — Weight 5 5 kg, operated on Febiuary 12 A fairly tight band 
was placed on the aorta below the renal arteries so that the vessel was decidedly 
larger above and smaller but still pulsated below the band 

February 13-16 Dog m excellent condition Normal quantity of urine con- 
taining a few hyaline and granular casts Phthalem and salt excreted normally, 
lodid delayed to seventy hours Lactose delayed to seven hours 

February 27-28 Phthalem, salt, lodid and lactose all excreted normally 
Animal m good condition Here we have an entirely normal renal function 
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March 4 Ammal developed distemper and died 

•Autopsy Bronchopneumonia No peritonitis The aortic hand is m place 
buried m fibrous tissue The aorta is patent, standing out well above hand, but 
is much smaller below The kidneys are probably slightly enlnrged, and combined 
weight 50 gm , are dark blue m color 

Hyperemia, theiefore, caused the appeal ance of casts m the urine, 
togethei with a delayed lactose and lodid output, which lapidly icturned 
to normal 

Bitch IX — Weight 7 kg , had a right-sided nephrectomy and a tight hand 
about the aorta just above its bifurcation, on Felruniy 17 On the following 
three days the animal was m pool condition, showing evidences of peritonitis The 
urine output was rather small in amount, the phthnlem and lodid normal, lactose 
delayed and salt poorly excreted On the 23rd the animal was chloroformed The 
autopsy revealed peritonitis and retroperitoneal abscesses The band was found 
m place, the aorta enlarged above it The kidney was dark, purplisli-red m color, 
deeply engorged and weighed 45 gm The capsule strips readily 

Dog XVIII — Weight 9 kg , March 4 had a right sided nephrectomy performed, 
the kidney weighing 38 5 gm A band was placed on the aorta just above its 
bifurcation, causing marked constriction, and a second band of moderate sire was 
placed about the renal vein at its entrance into the iena caia 

March 5 Animal in good condition exhibiting a polyuria — 1,000 c c output on 
700 cc water intake Urine contains a trace of albumin and a few* li} aline casts, 
but no blood cells The phtlialem output is reduced to 29 per cent Lactose 
delayed to seven hours, lodid normal The salt is excreted poorly m low concen- 
tration, 09 per cent , yielding a total of 9 gm on a 3 gm intake 

March 0 Polyuria persists — 900 c c urine on 700 c c water intake Salt 
concentration low — Oil per cent 

March 7 Phtlialem output normal, 50 per cent Polyuria 750 c c on 700 cc 
intake Salt concentration is low — 0 12 per cent 

March 8 Plithalem normal, lactose delayed — eight hours, lodid seventy two 
hours The fluid excretion was not noted 

March 11 Phtlialem normal, 60 per cent Animal shows signs of distemper 
developing Urine contains a trace of albumin, but no casts or blood 

March 13 Animal died with symptoms of distemper At autopsy the kidney 
was found intensely congested Weight 60 gm Both hands were m place and 
both vessels patent An abscess containing about 5 c c of pus was found m the 
region of the aortic band Some fibrinous peritonitis was also found 

This experiment is of peculiar interest on account of the occurrence 
of a definite persisting polyuria associated with venous obstruction, which 
coexists with an excessive amount of blood flowing into the kidney 

CONTROLS 

It was considered desirable to see wdiat effect on the renal function 
was produced by simple unilateral nephrectomy The first dog, m addi- 
tion to a right-sided nephrectomy, had the left renal vein isolated from 
the surrounding tissue just- as is done m each of the experiments when 
the band is applied 

Dog XX — Weight 6 9 kg , nephrectomy performed on February 26 

Feoruary 27 Phthalem 57 per cent lodid eighty hours Lactose eight 
hours + Sodium chlond excreted m good concentration 
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March 18 and 19 Urine normal m quantity No albumin or blood, an occa- 
sional hyaline cast The phthalem output vas normal, as was also the salt The 
lactose was very slightly delayed — 6% hours, but the lodid was not excreted m 
less than seventy-two hours 

April 14 The phthalem, salt, lodid and lactose were absolutely normally 
excreted, and the urine itself was entirely normal 

Dog XXI— Weight 5 kg, April 24 Right kidney removed, weight 17 8 gm 

April 25 Phthalem 38 per cent , slightest trace of albumin, an occasional 
cast seen in centrifugalized specimen 

April 27 Phthalem normal— 55 per cent Lactose delayed seven hours, salt 
excretion somewhat delayed 

May 3 to 9 The salt, lactose and phthalem excretions are all normal, the 
only abnormal urinary feature being a very faint trace of albumin 

Simple one-sided nephrectomy m a healthy dog, therefore, causes hut 
slight change in the renal function which is of short duration 

INCOAGULABLE NITROGEN OF THE BLOOD IN CHRONIC 
PASSIVE CONGESTION 

In five cases of animals with a moderate degree of chronic passive 
congestion, and with relatively normal renal function, and m one with 
marked congestion, the incoagulable nitiogen of the blood was estimated 
The technic employed was as folloivs 10 c c of blood was withdrawn 
from the heart and placed in 115 c c of 95 per cent alcohol to precipitate 
the albumin This was filtered, and 100 c c of the filtrate evaporated to 
dryness The total nitrogen of this residue, lepresentmg 8 cc of blood, 
was estimated by Kyeldahl’s method In the five neaily normal cases, the 
nitrogen was not increased above 0 50 gm per liter of blood In the dog 
with advanced congestion, the nitrogen was increased to 0 60 gm per 
liter 

It can be concluded, therefore, that mild experimental clnonic passive 
congestion m dogs does not produce an accumulation of incoagulable 
nitrogen m the blood 


HISTOLOGICAL STUDY 

The histological study 52 of the kidneys removed at autopsy was made 
as follows The kidneys were fixed m foimaldehyd solution or Zenker’s 
fluid, cut and stained with hematoxylin and eosm The microscopic 
study m all cases revealed varying degrees of chronic passive congestion 
of all the vessels and capillaries In certain of the cases thei e were foci of 
leukocytes or small abscesses In one case there was considerable increase 
m connective tissue suggesting a chronic nephritis Whether this was 
due oi not to the congestion cannot be stated On the whole, histologi- 
cal^, it seems that by this method, chronic passive congestion of varying 
intensity is produced without an accompanying chronic nephritis 

52 A further study of the histological changes following more prolonged 
chrome passive congestion is intended 
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CONCLUSIONS 

1 By the technic described it is possible to pioduce ovei shoit periods 
any grade of chronic passive congestion desned 

2 Slight experimental chronic passne congestion of the kidney is 
charactenzed by (a) a noimal quantity of mine which contains a trace 
of albumin, intei mitten tly a few hyaline and gianular casts and occa- 
sionally a few led blood-cells, (b) the functional capacity varies but 
little fiom noimal, since phtlialem, salt and potassium lodid may be all 
noimally excreted, ulnle lactose excretion is but slightly delayed 

3 Moderate experimental passive congestion of the kidneys v char- 
actenzed f by (a) a fail amount of mine containing albumin, casts and 
fiequently led blood-cells, (b) a total excretoiy capacity which is appar- 
ently not markedly decreased, since the phtlialem excretion is usually 
normal The excietion of salt is usually somewhat decreased, that of 
potassium lodid vanable, that of lactose invaiiably delayed 

4 Maiked expenmental chronic passive congestion of the kidneys is 
characterized by (a) very scanty amounts of mine containing a large 
amount of albumin, easts and red blood-cells, (b) a much reduced func- 
tional capacity, since the phtlialem, salt and lactose excretions are 
markedly delayed, as is also frequently that of lodid 

5 Albuminuria is almost a constant accompaniment of experimental 
passive congestion, casts are usually present, and red blood-cells appear 
if the congestion is of any considerable degree 

6 Lactose excretion is the first to become affected by increasing 
grades of chronic passive congestion , then the excietion of salt and lodid, 
and lastly, that of phthalem 

7 The phthalem test gives the most reliable information concerning 
the degree of renal insufficiency m experimental chronic passive con- 
gestion Marked delay m the excretion of lactose, lodid and salt has, 
indeed, been encountered m animals showing a normal phthalem output 
These animals were, however, apparently m good general condition, 
while subsequent events showed that they remained m good condition 
On the other hand, a marked decrease m phthalem excretion has invari- 
ably been associated with the development of clinical manifestations, 
indicating renal inadequacy and followed by death The phtlialem test 
is, therefore, the test of greatest prognostic importance m chronic passive 
congestion 

8 Lactose, while of least value m revealing the degree of involvement 
of renal function m experimental chronic passive congestion of the 
kidney, is of the greatest value m detecting its existence It is, there- 
fore, of these tests that of greatest diagnostic, but of least prognostic 
value 
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9. The excretion of potassium lodid is usually prolonged in experi- 
mental chrome passive congestion of the kidney The time of elimina- 
tion of this drug is, however, so variable that the test proves practically 
valueless in this connection 

10. The excretion of sodium chlond is usually decreased where mod- 
erate or marked experimental passive congestion is present. 

11 Partial obstruction to venous return through the renal vein is not 
invariably associated with deci eased urinary secietion In an apparently 
normal unanesthetized or anesthetized (chlorbutanol) animal which has 
partial occlusion of one renal vein only, moie urme is sometimes excieted 
from the congested kidney, while the solids are excieted m greater con- 
centration from the normal side 

12. Where gradual progressive obstruction to the renal vein occurs, 
the development of a collateral circulation is of great importance m 
maintaining the functional capacity of the kidney since an efficient renal 
function may be encountered when the venous return from the kidney is 
entirely collateral On the other hand, ligation of collateral vessels, 
simultaneously with a moderate degree of obstruction to the renal vein, 
usually results m renal inefficiency and death 

13 An excessive flow of blood through the kidney simultaneously with 
an obstruction to its outflow may be followed by polyuria 

14 Mild grades of experimental chronic passive congestion are not 
associated with the accumulation of incoagulable mtiogen m the blood 

15. Varying degrees of chronic passive congestion which are unasso- 
ciated with nephritis are produced by the above-described proceduies 



AN EXPERIMENTAL STUDY OF POISON OAK” 


, EDWARD VON ADELUNG, MD 

OAK! AND, CAL 

While it is tiue that poison oak and its sister plants have larely, if 
ever, caused a death, it is also true that a laige majority of people living 
m the tempeiate zones find their enjoj'ment of the country seriously 
curtailed by the menace of these noxious plants And besides this 
restnetion of healthful pleasures, theie is an unestimated monetary loss 
to laboreis and construction companies operating in infested regions, 
which I am sure is not inconsiderable Yet in spite of these well-known 
facts, veiy little has been attempted, and still less accomplished, to abate 
this Avide-spread ex ll 

SKETCH OF PLANT 

The plants specially icferred to aie poison oak (1 thus divcrsiloba ) , 
poison ivy ( R toxicodendron) and poison sumach (7? venenata), which 
form a widely distributed gioup The poison ivy 1 is found m abundance 
throughout the United States as fai west as eastern Texas, eastern „ 
Kansas and Minnesota, and m greatei or less abundance throughout the 
less and legions of the west, with the exception of California and the 
western parts of Oregon and Washington, ulieie it appears to be entirely 
replaced bj the poison oak The plants are very similar to each other, 
each being a shrub that trails along the ground, or climbs fences, tiees 
or brush, or m many instances stands erect independently It does not 
frequent the higher mountains The irregularly lobulated and dentated 
leaves of the poison oak are a beautiful red when young, and an equally 
attractive russet when old, rendering them enticing to the uninitiated 
The fine hairs that are found on the leaves, especially along the margins, 
are supposed by some to carry the poison when wafted by breezes, thus 
explaining poisoning at a distance The berries and blossoms are green 
and extremely poisonous But the berries turn white as they ripen, lose 
their poison and aie often eaten by birds, which are the means of dis- 
tributing the plants over so wide a territory 

the toxic peinciple non-volatile 

While poison oak, poison ivy and poison sumach differ botanically, 
their juices seem to be chemically identical Fianz Pfaff, 2 of the Harvard 

“From the Hearst Laboratory of Pathology ard Bacteriology, University of 
California 

* Manuscript submitted for publication m The Akchivfs Nov 25, 1912 

1 Chestnut Farmer’s Bulletin No 86, U S Dept Agr culture 

2 Pfaff Joui Expenmental Medicine, 1897, (2), 181 
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Medical School, in Ins excellent monograph, states that the poison is 
identical m the ivy and m the oak That the dermatitis cansed by either 
plant is identical clinically, has been recognized for a long time Several 
attempts have been made to isolate chemically the poisonous principle of 
the plants This problem is of special impoitanee because it underlies 
much of the clinical and biologic woik 

The earliest attack on this difficult pioblem was made m 1779 by 
van Mons, 3 who concluded that the poison was a “gaseous hydrocarbon,” 
emanatmg from the plant only at night or on cloudy days Lavini, 
wilting thirty-three years latei (1825), also believed the poison to be a 
gas exhaled at night, but thought it was not a hydrocarbon Another 
tlurty-thiee years then elapsed befoie Khittell (1858) analyzed the plant 
and derived his “rhustannic acid ” But he said that there was also a 
volatile, toxic alkaloid In 1865, Maisch isolated his “toxicodendnc acid,” 
again a volatile substance Then followed two Japanese, Islnmatsu and 
Yoshida (1882 and 1883), who also concuired that the toxic agent is 
volatile The chemical problem really had but little light thrown on it 
until Pfalf approached the problem from the clinical viewpoint and 
showed that Maisch’s “toxicodendnc acid” is entirely inert, indeed, 
nothing but acetic acid, and that contrary to all pievious impiessions, 
the toxin is actually a non-volatile substance which he extracted and 
named “toxieodendrol” on account of its oily appeal ance Of this sub- 
stance, as little as 1/1,000 mg suffices to produce the typical dermatitis 2 
All parts of the plant yield toxieodendrol, the leaves and green bernes, 
however, more m proportion to weight The best and most recent 
chemical study ot the toxin is than of W A Syme, 4 whose disseitation on 
“Some Constituents of the Poison Ivy,” was accepted by Johns Hopkins 
University m granting him the degree of Ph D m 1906 His analysis 
shows that the poison is a complex substance of a glueosidal nature, 
yielding, ou analysis, gallic acid, fisetm and rhamnose The poison was 
again shown to be non-volatile, even when mixed with acetic acid (with 
which it is naturally associated m the plant), or with alcohol 

Thus it is seen that for a hundred and eighteen years, fiom van Mons 
to Pfaff, the opinion prevailed that the toxin was volatile — a natural 
conclusion in the presence of the common observation that persons are 
poisoned while simply passing near the plant, without actual contact 
The importance of PfafPs work, confirmed and enlarged by Syme, is 
therefore evident Before dismissing the subject of the nature of the 
poison, it may be noted that a bacterial theory had its supporteis, but its 
proponent (Burnll, 1882) admitted (1895) that proof was lacking That 

3 L E Warren lias compiled an extensive and excellent bibliography m 
The Midland Druggist and Pharmaceutical Review, 1910, xliv, Nos 3, 4 and 5 

4 W A Syme Johns Hopkins Umv Bulletin, 1906, “Some Constituents of 
the Poison Ivy Plant ” 
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the poison is not bacterial is to-day very eleai, although bacteria often 
play an important iole as agents m secondary infection 

POISONING WITHOUT CONTACT 

The toxic principle having been shown to be non-volatile, the prac- 
tical question immediately piesents itself, how does poisoning at a 
distance occur ? That persons aie poisoned without direct contact with 
the plant is too common an obseivation to be denied The explanation 
is doubtless the mechanical transpoitation of the poison, as happens when 
the pollen, or the plant hairs, or other dust fiom the plant is carried by 
air-currents Or, peihaps as commonly, the tianspoitmg agents are 
simply clothes, or tools or animals, which, after brushing against the 
plant, are able to transfer the poison to susceptible persons Such 
explanations are easily acceptable when one remembers liow minute a 
quantity suffices to induce inflammation In ordei to show that the 
poison is not volatile the following experiment was made 

Experiment 1 — Young, fresh poison oak leaves v ere crowded into a glass tube, 
one end of which was closed with cotton Holding this end against the skin of a 
susceptible person, air was blown through the tube The spot struck by the air 
current was then covered with zinc o\id plaster to retain what poison might have 
been deposited, and after forty eight hours the spot was inspected Were the 
poison volatile, dermatitis should have resulted The result was negative 

On the other hand, I was seveiely poisoned by the dust raised while 
handling the dried plants m the laboratory 

SMOKE PROM BURNING PLANTS IS POISONOUS 

Another fact of interest, amply sustained by popular personal testi- 
mony, is that the smoke of burning rhus plants is especially toxic This 
is somewhat surprising after reading Pfaffs statement 2 that “toxico- 
dendrol is decomposed easily by heat ” The degree of beat required is 
not mentioned On this point the following experiment was made 

Experiment 2 — Fresh green leaves were placed in a test tube closed with cotton, 
and submerged (except the open end) m boiling water for one hour Dermatitis 
was readily secured by contact with the boiled leaves, thus showing that the 
poison is not destroyed by 100 C for one hour 

The literature presents no evidence on this point The above experi- 
ment supports the popular belief that smoke from burning rhus (espe- 
cially if the plant is green) carries the poisonous juice of the plant It 
is probable that m a neated state the juice more readily penetrates the 
epidermis and causes toxic inflammation 

Expel iment 8 — In order to make this test more positive, 'dried rhus leaves were 
crowded into a glass tube, to one end of which was attached a rubber mouth piece 
The glass was then held m the flame until the leaves burned While blowing 
gently through the tube, the smoky current was caused to impinge on the shm 
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of a susceptible peison The spot was then covered with zinc oxid plaster to retain 
what poison may have been deposited Characteristic dermatitis developed m 
twenty-four hours 

THE OCCURRENCE OF THE ERUPTION 

Because the spots of deimatitis often bleak out successively m widely 
separated areas of the skin, the impression has gained credence that the 
poison is distributed by the blood-stream — a matter of considerable 
importance m its bearing on the pathology and treatment of the disorder 
Light was thrown on this question by Pearson (1880), who showed 
experimentally that serum from the vesicles is not toxic. I have 
repeatedly tiled m vam to produce dermatitis by rubbing m the serum 
from vesicles Chestnut 1 also concludes that the dermatitis is purely" 
local, and is nevei distubuted by the blood The following expeiiment 
is deemed conclusive on this point : 

Experiment // — I frequently poisoned limited skin areas and prevented any 
spread of the toxin by covering it immediately with zinc oxid plaster Under these 
conditions a deimatitis never occurs in any othei than th n exact spot where the 
toxin is applied 

It is easily concened, liowevei, that m natural exposuies seveial 
elements would tend towards the occunence of dermatitis in crops rather 
than at all points simultaneously Before all the poison has penetrated, 
some of it might easily be transferred to other areas, thus producing a 
new crop Again, the poison might be transferred to new areas from 
clothes or hair Furthermore, it is not unlikely that where the skin is 
thin, as on the face, wusts, etc, the time necessary for penetration — the 
latent period — is shorter than where the skin is thicker — again account- 
ing for succession lather than foi simultaneity 

PHYSIOLOGICAL PATHOLOGY 

The exact physiological nature of the poisoning by rhus ;juice has 
never been studied This is not surpusmg when one realizes that the 
exact nature of the toxin is still not fully known The chemical problems 
must first be solved before the physiologist can offer any explanation of 
why this peculiar glucoside should cause inflammation That there are 
variations m general or local susceptibility m different individuals and 
m the same individual at different times, cannot be doubted But the 
exact property of cells or fluids of the body that determines susceptibility 
to rhus is as yet a mystery 

RELATION TO SWEAT REACTION 

Misled by Maisch’s statement that the poison was an acid, I made a 
senes of observations some years ago on sweat reactions as determined by 
itmus paper, to see whether acidity or alkalinity of the sweat bears any 
relation to susceptibility to the poison 
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Expcnmcnt 5 . — A number of sweat reactions were taken and recorded, each 
pei son being asked wdictbci be was susceptible to the poison Of each class — acid, 
alkaline, and neutral — there were some susceptible and some immune Among 
them w’as one person with strongly ncnl sweat who was evtremeh susceptible 
But there was another equallj susceptible whose leaction was strongly alkaline 
So that no xelation to sweat icaction could be dri ermined eien though account 
was taken of the physiological change of reaction during exercise 

VACCINATION AND IMMUNITY 

Considerable populai testimon} is available upholding the possibility 
of vaccination against liras by ingestion of the plant 01 its deiivatives 
Theie are those who state that the traetuie of the fluid extract taken 
internally pretents attacks on subsequent contact with the plant Like- 
wise, many persons claim to hate gamed immunity by chewing or eating 
small quantities of the ihus leates This prophylactic measure is said to 
have been found valuable by the engineers of the Union Pacific Railroad 
Company while the line tvas being built thiougli poison oak country 
Similar testimony is obtained fiom lesidents m the Adirondack Moun- 
tains And I am told by an eye witness that Indians and other lesidents 
of Hew Mexico habitually eat the leates each spring to atoid poisoning 
during the summer Expel imental continuation or scientific observation 
of these folk-sayings is, however, entirely lacking But they open the 
laige question of acquired immunity Eord'’ states that theie is no 
difficulty m showing that many peisons aie quite resistant to the action 
of ihus toxin On the other hand, the same writer expresses the opinion 
that the so-called natural immunity is leally an acquired immunity He 
raises the question, obviously difficult to anstvei, whether “the cases of 
supposed natural immunity do not occur m individuals m whom as chil- 
dren the effects from handling the plant have gradually worn olf, the 
original dermatitis having been so insignificant as to have escaped notice, 
or bemg so many years distant as to have been forgotten 55 He concludes 
that complete natural immunity, when put to experimental test, is 
exceedingly rare barren 0 likewise thinks that “the belief m absolute 
immunity is a delusion ” Desiring to settle this question by experimental 
evidence I made the following tests 

EXPERIMENTS ON IMMUNES 

Experiment 6 — A B claims he acquired immunity through seveial severe 
attackb A fresh rlius leaf was applied to each forearm and held m place by 
plaster Both applications caused marked dermatitis 

Experiment 7 — E L claims natural immunity from birth A fresh rlius leaf 
was applied to each arm and held m place by plaster Slight dermatitis was 
caused on each arm 


5 W W Ford “Antibodies to Glucosides with Special Reference to Rhus Toxi- 
codendron,” Journal Infectious Diseases, 1907, iv, No 4 

6 L E Warren “The Poisonou Principle of Rhus,” Pharmaceutical Jour , 
Oct 30, No-v 6, 1909 



EDWARD VON ADELUNG 


153 


Experiment 8 — D S claims acquired immunity except from the smoke A 
fresli leaf was applied to eaoli arm and lield m place hy plaster Both spots 
showed dermatitis 

Experiment 9 — J C claims natural immunity from hirtli She therefore 
offeied to gather rlius leaves for me While bringing them m she held them as 
one does a bouquet, against bei chest The waist being cut low permitted the 
leaves to touch the skm Numerous mild spots of dermatitis developed 

Experiment 10 — E F claims immunity fiom birth She accompanied J C 
gathering leaves But she developed no dermatitis Believing her immune, she 
was engaged to gather a largei quantity of leaves After this exposure of about 
three hours among the Februaiy leaves, she developed numerous troublesome spots 
Experiment 11 — L A claims immunity from birth Tested with tincture of 
rlius on forearms, he developed red itching spots 

Experiment 12 — A E claims immunity from birth He never has been 
poisoned, though exposed 

Test 1 Bubbed fresh green leaves on forearm Result negative, though 
observed for one week 

Test 2 Put active tincture on arm Result negative after several days 

Test 3 Applied alcohol solution of pure toxin to the wrist Result nega- 
tive after three days 

Test 4 Applied same to forearm and covered with plaster Result nega- 
tive after three days 

Test 5 Applied active tincture rhus to foiearm, covered with zinc oxid 
plaster Result negative after several days 

Test 6 Believing him immune, he was sent to gather a sack of leaves 
Eleven days later lie noticed spots of dermatitis Avitli itching and lus face 
became swollen Rhus dermatitis was markedly developed on face and arms 

Thus of seven 'fimmunes” tested, all responded to the poison This 
indicates universal susceptibility to this toxin 

ANIMAL IMMUNITY 

Whether immunity can be induced experimentally m animals is an 
impoitant problem that was attacked by W W Ford G (1907) His 
experiments weie done on rabbits and gumea-pigs, using fresh fluid 
extract of Rhus toxicodendron He states that after subcutaneous injec- 
tion of a toxic dose, there elapses a latent period of seven or eight days 
m which the animal loses weight and dies at the end of another week of 
nephritis Incidentally, a slough is formed at the site of injection The 
estimated toxic dose for a 250 gm guinea-pig was 0 25 c c , and for an 
800 gm rabbit, 1 c c On the basis of these toxic doses, he gave repeated 
small doses at intervals of a few days, and claims to have immunized 
animals so that they resisted successfully five or six times their fatal dose 
Such immunized animals showed no nephritis when killed The 
serum fiom these immunized animals protected other animals completely 
against fatal doses of fluid extract of rhus Thus Ford appears to have 
produced active and passive immunity m these animals These results, 
however, are inconclusive because of the unfortunately small number of 
experiments, and because of the material used — the fluid alcoholic extract, 
which contains, besides an indefinite amount of rhus toxin, vanous unde- 
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termined extractives of the plant, some glyceim, and as much as 58 per 
cent of alcohol Fuithermoie, in a personal communication Ford states 
that he was nnable to get the same lesults a second time, attributing 
the failure to impotency of the fluid exti act 

COMMERCIAL FLUID EXTRACT Or RHUS 

An attempt was made to lepeat Fold’s woik on animals, but the doses 
he found to be toxic were without effect. The matenal used was Wyeth’s 
fluid extract of Rhus lad'icans 7 The result is seen m Table 1 

Table 1 — Subcutaneous Injection or Guinea-Pigs aaith Wvetii’s Fluid 
Extract or Rhus Radicals, Containing 58 Pru Cent Alcohol 


No 

Pig 

Weight, 

Gnis 

Wyeth’s 
Fid Ext 
c c 

I ime Ob- 
served, 
Days 

Result 

1 

585 

5 

5 

In 24 hours sick, dead 5 davs 

5 

240 

3 

1/0 

Drunk 5 minutes, dead 1 day 

9 

440 

1 

10 

Negative, gained weight steadily, no induration 


Although the laiger doses kill gumea-pigs, controls with the cone- 
spondmg amount of alcohol alone, died, and exhibited the same indura- 
tion and neciosis at the injection site as described by Ford (see Guinea- 
pigs 10, 18, 20 and 19, Table 2) 


Table 2 — Guinea-Pigs Receiving Subcutaneous Injections or Alcohol 


No. Weight, 
Pig 6ms 

Alcohol, 

cc 

Pei 

Cent 

oc Daj3 

Result 


8 

280 

1 0 

95 

19 

Induration and necrosis 


0 

210 

30 

95 


Drank, dead in few minutes. 


4 

335 

30 

95 


Drunk, dead m few minutes 


10 

440 

15 

95 

17 

Stupid, laige necrosis, died 


18 

410 

1 0 

60 

2 

Site softened, wt=420 gm 


18 

420 

20 

60 

10 

Large necrosis, ivt=250 gm , 
no nephritis 

died, 

died, 

20 

310 

20 

60 

20 9 

Drunk, necrosis, Ait =250 gm , 
infected, no nephritis 

died, 

19 

360 

20 

98 

10 11 

Drunk, neciosis, wt=220 gm , 


infected, no nephritis 

Tables 3 and 4 seem to indicate that the alcohol solution of rhus toxin 
is somewhat more toxic than the same amount of alcohol alone However, 
the short time intervening between the injection and death argues m 
favor of the alcohol alone being responsible for the death This is referred , 
to later 


7 Rhus toxicodendron 
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Table 3 — Results 

of Intravenous Injections of 95 Per 
Rabbits 

Cent Alcohol in 

Rabbit 

No 

Weight, 

Gms 

Alcohol, 

95 Per Cent 

Time Observed 
Days 

Result 

10 

2140 

05 

4 

Negative 

6 

1050 

1 0 

7 

Negative 

10 

2040 

10 

2 

Negative 

4 

2560 

10 

1 

Negative 

5 

1500 

10 

1 

Negative 

7 

780 

20 

% 

Died 


Table 4 — Results of Intravenous Injections of Alcoholic Solution of Rhus 

Toxin in Rabbits 


Rabbit 

Weight, 

Toxin, 

Alcohol, 98 Time Observed Result 

No 

Gms 

Gms 

Per Cent , c c Days 


6 

1015 

0 0125 

05 

5 

Negative 

6 

1160 

0 0125 

05 

7' 

Negative 

10 

2240 

0 0125 

05 

7 

Negative 

4 

2550 

0 0125 

06 

7 

Negative 

4 

2560 

0 01625 

0 65 


Died immediately 

9 

2045 

0 025 

10 


Died immediately 

11 

2580 

0 025 

05 

46 

Negative 

8 

1900 

0 05 

20 


Died immediately 

^Additional 





Not desiring to 

work further with a 

substance containing an unknown 


quantity of the poison, besides alcohol, glycerin and other undetermined 
substances m considerable quantities, the plant was collected and the 
pure toxin extracted after the method lecommended by Syme Fresh 
leaves of poison oak are thoroughly extracted with absolute alcohol 
After filtration, lead acetate m watei is added till precipitation is com- 
plete The precipitate is then washed well and dried at a low tempera- 
ture, when it is extracted m Soxhlet extractors for at least ten hours 
The ether extract is then mixed up with water and treated with hydrogen 
sulplud, to separate the lead The water and ether aie then separated, 
the ether filtered, and well washed, after which it is evaporated at a low 
temperature The presence of the toxin is then confirmed by testing for 
glucoside (Molisch’s test) and by application to the skin, the physiological 
test This toxin was carefully weighed and dissolved m absolute alcohol, 
so that 1 c c contained 0 0125 of pure toxin 

intravenous administration op suspension 

Noting that alcoholic menstruums, such as the fluid extract, produce 
marked induration at the site of subcutaneous injection, thus rendering 
problematic the amount of toxin entering the general system, it was deter- 
mined to introduce the toxin intravenously But both alcohol and ether 
when employed m workable quantities, intravenously, cause clotting of 
the blood, obliterating the vessels, and resulting m rapid death from heart 
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clots After studying vaiious other possible solvents for the toxic 
glucosid, 8 a suspension was finally settled on It was prepared by taking 
the desired dose of to\m dissolved m absolute alcohol, and mixing it 
with fleshly sterilized distilled water (0 5 to 2 c c.) Tins yields a sus- 
pension of the toxin so fine that it does not separate after standing for 
seveial months The addition of noimal saline solution, howeier, does 
cause it to piecipitate inside of fortj r -eight hours That this suspension 
is still toxic was proved by tests on my aim Such a suspension is leadily 
and safely introduced into the blood-stream without causing clotting oi 
death m the doses used 


Table 5 — Intravenous Injections of Rabbits with Suspension of 

Ruus Toxin 


Rabbit 

No 

Weight, 

Gms 

Toxin, 

Gms 

Alcohol, 
c c 

Water 
c c 

Time Ob 
served, 
Days 

Result 

10 

2360 

003125 

125 

375 

5 

Negative 

10 

2280 

003125 

126 

375 

6* 

Negative 

10 

2180 

0125 

5 

5 

5* 

Negative 

10 

2260 

0125 

5 

5 

8* 

Negative 

12 

1650 

025 

1 

2 

30 

Negative 

16 

2410 

0228 

1 

2 

30 

Gained weight 

16 

2675 

0228 

1 

1 

11* 

Dead, pleuro-pneumoma , no 
nephritis 

15 

2300 

0456 

2 

2 

23 

Negative 

13 

2170 

0684 

3 

2 

30 

Site necrosed 

18 

1700 

0456 

2 

1 


Died immediately 


*Days additional 


The suspension was also given to guinea-pigs, subcutaneously, as 
shown m Table 6, without deaths from the toxin, though it caused 
induration and necrosis at the site of injection 


Table 6 — Subcutaneous Injection of Guinea-Pigs with Suspension or 

Rhus Toxin 


o 

& 

bX) 

i— V 

CM 

Weight, 

Gms 

C 05 

p a 

go 

Alcohol, 
c c 

O 

o 

f—t 

CD 

-M 

C* 

£ 

Days Ob- 
seived 

Result 


12 

470 

0125 

5 

75 

21 

Slight induration 


13 

330 

0125 

5 

75 

21 

Slight induration 


14 

500 

025 

1 0 

15 

17 

Induration and necrosis 


15 

280 

03875 

1 5 

35 

12 

Induration and necrosis 


16 

300 

0228 

1 0 

1 

33 

No nephritis Necrosis 

Died 

17 

430 

0456 

2 

1 

29 

No nephritis Necrosis 

Died 


8 The toxin is insoluble m glycerin or m rabbit serum 
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COMPARISON OP DOSAGE 

In my extraction of the rhns plants, I found that the plant yields m 
pure toxin ahont 1/1,000 of its weight One c c of the fluid extract used 
represents 1 gm of the plant From these data it is assumed that 1 c c. 
fluid extract contains 0 001 pure toxin But the fluid extract is made by 
extracting the plant with 65 per cent alcohol, whereas I used 95 per 
cent., which extracts much moie toxin The disparity of toxicity was 
also clearly demonstrated by tests on my arm So that while the above 
dosage appears small, the toxicity as compared with the fluid extract is 
satisfactory Thus while Ford found 0 25 c c fluid extract fatal for a 
250 gm guinea-pig, the dose m terms of pure toxin, 0 0031 gm , or 
0000123 gm toxin per gram weight of pig, is very much smaller than I 
was able to give — 0 03875 gm or 0001385 gm toxin per gram weight of 
pig, as illustrated by Guinea-Pig 15, Table 6 And even m terms of fluid 
extract, if one might assume that the extract Ford used was of equal 
toxicity to mine, I was able to give a larger dose, as illustrated by Guinea- 
Pig 9, Table 1 The doses I used were not fatal, the deaths occurring 
fiom mtercurrent diseases, and showing no nephritis 


CUTANEOUS TESTS 

From clinical obseivation of human cases, and from the internal 
administration to animals, 2 the toxin appears to have a selective action 
for epithelial cells For this reason it is customary to experiment on the 
cutaneous surfaces of animals Observations of this character indicate 
clearly that individuals of the same species vary widely m their suscep- 
tibility to rhus poisoning, as witnessed by the following experiments on 
rabbits and a monkey (Table 7) Of ten rabbits tested by applying rhus 
poison to shaved spots on the outer surface of their ears, seven failed to 
develop any dermatitis at all Although the pure toxin was applied 
thoroughly to the thin skin of the monkey, the test was absolutely nega- 
tive, observed for one month 


Table 7 — Results of Applying Rhus Toxin to the Skin of Animals 


Rabbit No 

Materials Used 

Time Observed 
Days 

1 

Pluid extract 

90 

3 

Pure toxin 

18 

5 

Pure toxin 

14 

4 

10 per cent tmct 

14 

2 

Green leaves 

2 

6 

Pure toxin 

14 

4 

Pure toxin 

5 

11 

Alcohol sol toxin 

14 

18 

Alcohol sol toxin 

14 

17 

Alcoholic sol toxin 

14 

Monkey 

Pure toxin (left eyelid and chm) 

30 


Result 

Negative 

Negative 

Negative 

Negative 

Positive 

Positive 

Positive 

Negative 

Negative 

Negative 

Negative 
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TJIE ANTIGENIC PR0FERTI1 S OF RHUS TOXIN 

The possibility of producing an antitoxic scrum is so attractive that 
special study was made as to the possibility of ai titicial immunization of 
animals My experiments on this point indicate clearly that the toxin 
is not in itself fatal for labbits and guinea-pigs, and, therefore, no anti- 
toxic action of an immune serum could be tested on these animals. It is, 
however, well known, that the Bordet-Gengou fixation icaction selves to 
detect antibodies m an immune serum and the demonstration of such 
substances was sought for m labbits that had received seieral doses of the 
toxin The test was made with the sera of three animals, treated as 
follows 


Table 8 — 

-Babbit 19 

Immunization Intp.a\enous Injections or Suspension 




or Bnus Toxin 


Date 

Weight, 

Gms 

Toxin, 

Gms 

98 Bor Cent 
Alcohol, c c 

Water 
c c 

Bcsults 

Aug 6 

1920 

0 0228 

1 

1 

Normal 

Aug 9 

1980 




Edema of ear 

Aug 10 

2040 

0 0228 

1 

1 


Aug 14 

2020 





Aug 16 

1970 

0 0228 

1 

1 


Aug 20 

2030 

0 0228 

1 

1 

Large necrosis of car 

Aug 27 





Bled to death for serum 

Table 9 - 

-Babbit 15 

Immunization Intkavenous 

Injection or Suspension 




or Bnus Toxin 


Date 

Weight, 

Gms 

Toxin. 

Gms 

, 98 Per Cent 
Alcohol, c c 

WntcT 

cc 

Besults 

Aug 10 

2190 

0 0228 

1 

1 

Normal 

Aug 14 

2260 

0 0228 

1 

1 


Aug 16 

2230 

0 0228 

1 

1 


Aug 20 

2180 

0 0228 

1 

1 

Large necrosis ear 

Aug 25 





Littered six 

Aug 27 





Bled to death for serum 

Table 10 

— Babbit 13 

’ Intensive Immunization Intkavenous Injection of 



Suspension of Bhus 

Toxin 


Date 

Weight, 

Gms 

Toxin. 

Gms 

, 98 Per Cent 
Alcohol, c c 

Water 

cc 

Besults 

Aug 10 

2190 

0 0456 

2 

2 

Normal 

Aug 14 

2160 

0 0228 

1 

1 

Normal 

Aug 15 

2150 

0 0228 

1 

1 

Edema of ears 

Aug 16 

2140 

0 0228 

1 

1 


Aug 20 

2160 




Large necrosis ear 

Aug 24 

2180 




Bled to death for serum 


With the sera from these supposedly immunized animals, viz Babbits 
19, 15 and 13, the fixation test was done as indicated in the experiment 
shown m Table 11, which includes appropriate controls 
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Table 11 — -Results of Fixation Tests with Sebum fbom Immunized Animals* 

Tube Rlius An- Immune Seium ’ 

No tigen, cc 56°, cc ec Hemolysis 

1 

“x” 

1 

No 19, 

03 

Alexin, 

01 

+ 25 minutes 

2 

“ v ” 

1 

No 10, 

03 

Alexin, 

0 1 

-(- 15 minutes 

3 

“z” 

1 

No 19, 

03 

Alexin, 

01 

-j- 15 minutes 

4 

"x” 

1 

Norm Rab 

03 

AleXm, 

01 

+ 25 minutes 

5 

“y” 

1 

Noim Rab 

03 

Alexin, 

0 1 

-j- 15 minutes 

6 

“z” 

1 

Norm Rab 

03 

Alexin, 

0 1 

15 minutes 

7 

Saline 

1 

No 19, 

03 

Alexin, 

0 1 

+ 15 minutes 

8 

“x” 

1 

Saline 

03 

Saline 

0 1 

0 

9 

“y” 

1 

Saline 

03 

Saline 

0 1 

0 

10 

“z” 

1 

Saline 

03 

Saline 

0 1 

0 

11 

ce ^ jj 

A 

1 

No 15, 

0 3 

Alexin, 

0 1 

-f- 15 minutes 

12 

“y” 

1 

No 15, 

03 

Alexin, 

01 

-j- 15 minutes 

13 

“z” 

1 

No 15, 

03 

Alexin, 

0 1 

-f- 15 minutes 

14 

"x” 

1 

No 13, 

03 

Alexin, 

0 1 

-}- 18 hours 

15 

“y” 

1 

No 13, 

03 

Alexin, 

0 1 

+ 1 hr 15 mm 

16 

“z” 

1 

No 13, 

0 3 

Alexin, 

0 1 

-j- 1 hour 

17 

Saline 

1 

No 15, 

03 

Alexin, 

01 

-j- 15 minutes 

18 

Saline 

1 

No 13, 

03 

Alexm, 

0 1 

-j- 1 hour 


*Incubated 37° one lioui , then added to each tube 1 c c 5 per cent saline sus- 
pension slieep corpuscles, sensitized, incubated 1% hours 

Note Antigen=Suspension of Rhus diversiloba toxin m normal saline, made 
from saturated alcoholic solution of toxin, m following proportions 
“x’'=5 pei cent saturated alcoholic solution with normal saline 
«yj>_ g p er cen t saturated alcoholic solution with normal saline 
“z 5 = 05 pei cent saturated alcoholic solution with normal saline 
Alexm=Normal guinea-pig serum, 18 hours old, 10 per cent m normal saline 

It is seen that these hemolytic tests failed to demonstrate the presence 
of antibodies by the Bordet-Gengon method m the sera of rabbits that 
had received repeated doses of the toxin The conclusion suggested is 
that attempts to demonsti ate antibodies m rabbits treated with rhus toxin 
are futile. This does not exclude the possibility of tissue immunity 
Nevertheless, contrary to the reported experience of others, I am still 
as sensitive to poison oak as ever, though I have been severely poisoned, 
accidentally, on many occasions, and have poisoned limited areas experi- 
mentally a great many times 

THERAPEUTIC TESTS 

In addition to the above investigations into the nature and action of 
the toxin, some observations and experiments were made testing ther- 
apeutic and prophylactic measures Two methods were employed m 
studying therapy , some persons were poisoned m the usual accidental way 
by exposure to the plant m the country, and m other cases the dermatitis 
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was pmposely induced 9 by applying tlic toxm, eitliei puie or m some 
menstruum The latter method is piefened because symmetrical spots 
can be chosen, and the usual vanables m individuals eliminated In cases 
of accidental poisoning the vvoise half of the body uas selected foi testing 
the theiapeutic agent, the mildei half being used for contiol The 
prophylactic nieasmes vveie tiled on mjself The clinical observations 
detailed below seive to lllustiate the methods employed, and to indicate 
the value of some tieatments 

immune's srnuM 

While it is iccognwed that a poison, though immune, might not yield 
antitoxin in Ins serum, still, m connection with the previous experiments 
m animal immunity, it was thought w orth while to test therapeutical]) 
the serum of a peison who shows marked icsistance to the toxin Blood 
was therefoie taken fiom the “Immune’’ heretofore refened to as “E F 
Experiment 10 

Experiment 13 — 

Test 1 A mixture of equal parts of water, tincture rhus, and blood from 
E 3? , an immune, was applied to my arm and knee Dermatitis del eloped at 
each place 

Test 2 A mixture of equal parts of E F’s blood and tincture rhus was 
applied to my arm Dermatitis developed 

Test 3 Having smeared E F ’s blood on my arm, tincture of rhus w r as 
then applied on the same area Dermatitis resulted 

From these tests it appears that blood from an immune contains nothing able 
to inhibit the toxicity of rhus 

Experiment Vi ( Ammonia Water) — Equal part 3 of ammonia and tincture rhus 
were mixed and tested on the skin The mixture is toxic, from which it is evident 
that ammonia does not destroy the poison 

Experiment 15 ( Peroxul of Ilydi ogen) — Because it is a strong oxidizer, it w r as 
presumed that hydrogen peioxid w'ould have some curative property But when 
tested by adding it in equal quantity to the rhus tincture, it failed to inhibit the 
toxicity, and when tested, with contiol, on a patch of dermatitis it was found inert 
Experiment 16 (Aristol) — The left of two artificial patches of dermatitis was 
treated during five days with a solution of aristol m cotton-seed oil The control 
received no treatment Both were scratched Result The untreated, patch recov- 
ered first 

Experiment 17 — The same test was made on the left of two spots produced 
by green leaves The aristol in oil was applied five times m four days and pro 
tected by gauze held in place by plaster Result No difference could be noted 
Aristol therefore appears to be of no value 

Experiment 18 (Castor Oil) — A mixture of equal parts of 10 per cent tincture 
of rhus and castor oil was rubbed on the arm In thirty-six hours there was a 
slight itching, but no eruption 

Experiment 19 (Cedar Oil) — A similar mixture with cedar oil was applied to 
the arm After thirty-six hours, a slight eruption appeared which later developed 
into a fair patch of itching dermatitis 

9 In all human skin tests the author was the subject, except where otherwise 
mentioned, and the toxin always from Rhus diversiloba, except wdiere otherwise 
stated 
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Experiment 20 (Cotton Seed Oil) —A similar mixture with cotton seed oil 
was applied to the thin skin at the wrist Aftei eight days no deimatitis had 
appeared 

Experiment 21— Cotton seed oil in which green leaves had been soaked for 
twenty-four liouis was applied to the aim The lesult was a slight dermatitis 
This, repeated on another person, gave the same result 

Experiment 22 — Some cotton seed oil m which green leaves had been heated 
was applied to the aim After foui days, itching began, and m five days, a 
slight eruption 

Experiment 28 — A mixtuie of equal parts of twctuie of rhus and cotton seed 
oil was applied to the arm No deimatitis was detected m eight days 

These results raised the question wliethei cotton-seed oil did not com- 
bine chemically with the toxin, destroying the toxicity To test this 
point, the mixtuie of oil and tmetuie was allowed to stand a few days 
when the tincture formed a layer above the oil This supernatant fluid 
was toxic, producing deimatitis 

Experiment 24 — A mixture of equal paits of tincture rhus and of tmetuie of 
green soap was applied to the aim and protected by gauze Aftei twenty -four 
hours only a slight eruption was noted 

Experiment 25 — A mixture of tincture of rhus, 25 parts, and tincture of green 
soap, 5 parts, was applied to aim and protected with gauze Only slight dermatitis 
resulted 

Experiment 26 — After allowing tmetuie of gieen soap to dry on a spot, tinc- 
ture of rhus was applied A control spot was made with the rhus alone Both 
spots were protected with gauze The conti ol took well, while the soaped spot 
showed a slight dermatitis Thus it appears that soap deters the poison of rhus 

Experiment 27 (Ichthyol Collodion) — The worse of two patches of dermatitis, 
three days old, was painted with a 5 per cent ichthyol collodion daily In twenty- 
four hours distinct improvement was noted m the treated patch, and this patch 
recovered earlier This was confirmed m treating hospital cases 

Experiment 28 ( Hyposulphite of Sodium) — Tests with this substance were also 
negative It failed to inhibit the toxicity when added m large pioportion to the 
tincture of rhus, and it failed to show curative effect on deimatitis patches com- 
pared with controls 

Experiment 29 ( Iodid of Potassium) — This substance m strong solution, added 
to an equal part of tincture rhus, failed to inhibit the toxicity as tested on the s kin , 

Experiment 80 (Tincture of Iodm) — Full officinal strength tincture of 10 dm 
when mixed with an equal quantity of tincture of lhus destroys the poison , for 
when this mixture is tested on my arm no dermatitis results If, however, the 
strength is reduced to less than 5 per cent of the mixture, by addition of water 
or alcohol, the toxicity is not destroyed completely 

Experiment 81 — Tincture of iodm also has curative property To one of two 
patches of dermatitis, officinal tincture of iodm was applied The application 
burned But the treated patch recovered earlier than the control Itching quickly 
subsided and healing followed The spot remained discolored, and tender, pre- 
sumably from iodm burning 

Experiment 32 — The right of two patches of dermatitis was rubbed with 90 
diops of water mixed with 10 diops of tincture of iodm The control was rubbed 
with alcohol The application of iodm caused a burning sensation, not severe 
In twenty-four hours the rhus dermatitis had disappeared, but was replaced by 
an iodm burn The control ran a normal course 
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Experiment 33 (Potassium Permanganate) — A mixture of equal parts of 
potassium permanganate (0 50 gm m 120 cc) with tincture rhus, aahen tested 
on the arm was found to be absolutely non-to\ic 

Experiment 31/ — One of two patches of dermatitis was painted with potassium 
permanganate in the above strength The treated patch healed earlier than the 
control 

Experiment So ( Magnesium Sulphate) — Chemical Tests A fresh rhus leaf 
macerated with a saturated solution of magnesium sulphate remained toxic, ns 
pioaen by testing on my arm 

Experiment 36 — Saturated solution of magnesium sulphate (Squibb’s), added 
in equal quanlitj to tincture rhus, does not inhibit the toxicity, for dermatitis 
results when the mixture is applied to the shin 

THERAPEUTIC TESTS 

Though magnesium sulphate fails to destioy the toxicity of rhus when 
mixed with its tincture, or its juice, it neveitheless possesses definite 
theiapeutie value 

Expci iment 37 — Test 1 In one of two patches of dermatitis, saturated solu- 
tion of magnesium sulphate w'as nibbed three times at hour intervals By the 
next morning the treated patch was better than the control Thiee more similar 
applications weie made during the forenoon and by noon a aery mnrked improve 
ment a\as noted The treated patch rccoaered earlier than the control 

Test 2 To one of taro patches of dermatitis, saturated solution of magnesium 
sulphate (Squibb’s) aaas applied on gauve, coaered with rubber tissue, and a 
bandage A similar diessing was applied to the control, using wnter m plnce of 
magnesium After taaenty-four hours, aalule the first patch aaas not healed, it avas 
free from itching, aras not tender, and not edematous, thus contrasting avitli the 
control, avluch remained tender for six days 

HOSPITAL OASES 

A B , male, aged 23, wrns poisoned foui days previously Whole face was 
edematous and the right eye closed On Oct 25, 1911, m the afternoon, hot appli- 
cations of 2 pei cent permanganate aa r cre begun, but applied only to the right side 
of the face In thirty hours the right eye w r as m good condition The left side 
recovered tardily 

B C , male, March, 1912, face and hands severely poisoned The right side 
of the face and the right arm avere treated with the hot permanganate, while the 
opposite side was treated avitli hot standard photographer’s solution of sodium 
hyposulphite In addition, both arms avere bandaged m their respectia r e solutions 
After taventv-four hours the patient stated that the permanganate side felt dis- 
tinctly better than the other The right side recovered the earlier 

E U , male, aged 25, avas poisoned four days previously Both arms showed 
marked edema vesicles and pustules He had already applied cold permanganate 
six or seven times Hot permanganate avas applied frequently by the nurse There 
was no improvement m forty-eight hours When the solution was changed to hot 
mercuric chlond, and bandaging begun avith the same, recovery began 

This case illustrates the uselessness of permanganate avhen the a r esicles become 
infected 

A E , male, aged 45 Dermatitis one day old The whole face was savollen 
The eyes half closed by edema of both lids The right ear was much savollen 
Thirty hours after the dernicutis began, hot permanganate saturated solution was 
applied to all areas The application burned severely, especially the eyelids 
Recovery occurred m five days, though this man had always been tavo weeks getting 
well A weaker solution of permanganate avould have been better 
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There are two objections to the use of potassium peimanganate It 
produces a mahogany brown stain, at times difficult to remove However, 
a 1 per cent, solution of oxalic acid is usually sufficient to disperse the 
stain It should not be forgotten that this acid, internally, is a violent 
poison, and should be used with great caution The other objection is 
that after its use, followed by oxalic acid, the skm is left severely cracked, 
which is especially disagreeable on the face and hands This is met by 
soothing ointments or oils 

PROPHYLAXIS 

I have frequently piotected myself against poisoning, as have others, 
when not m direct contact with the plant, by simply washing the exposed 
surfaces within a few hours after exposure, using soap and hot water 
When, however, I am to be thoroughly exposed, asTn gathering the leaves 
or handling the dried plants, I prefer the pioteetion of cotton-seed oil 
on hands, arms and face, gloves, a bath for the whole body as soon after 
exposuie as possible, and a change of clothing 

TREATMENT ' 

Inasmuch as the poison, after alighting on the skm, takes some time 
to penetrate, the first thing to do is to prevent penetration by a soap and 
hot-water bath of the whole body, including the hair Ho article of 
clothing should be donned that has been exposed to the poison Itching 
is readily relieved by water as hot as can be borne, and is usually a 
pleasant treatment, and of itself assists cure The remedies previously 
discussed may then be used If pustules have formed, the condition of 
bactenal infection must be recognized and will alter treatment, as illus- 
trated by hospital ease, E TJ. 

CONCLUSIONS 

The toxic principle of rhus, while non-volatile, can poison at a dis- 
tance by means of mechanical carriers It is not destroyed by subjection 
for one hour to 100 C , and is carried, potent, by the smoke from burning 
rhus plants The dermatitis is purely a local affection, and is not spread 
by the blood or lymph, or by the serum of the blebs The sweat reaction 
has no relation to susceptibility Absolute immunity m man is improb- 
able, and experimental immunity m animals is not yet demonstrated 
A permanent aqueous suspension of the alcoholic solution of the to xin 
can be prepared and remams toxic, this is precipitated by salt As 
much as 0 025 gm toxin can be given intravenously m aqueous suspen- 
sion to a 2,000 gm rabbit without fatal effect, and as much as 0 03875 
gm can be given to a 280 gm gumea-pig subcutaneously without fatal 
effect 
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Inasmuch as animals cannot be killed by the pure toxin, it is impos- 
sible to demonstiate antitoxic effect by the seium of animals that have 
leceived lepeated doses of the toxin The Boidet-Gengou fixation reac- 
tion failed to demonstrate the presence of antibodies in the sera of 
animals so treated 

The simplest piophylactic measure against rhus poisoning is to 170811 
well with soap and hot watei as soon after exposure as possible The 
protection of the skin by anointing with cotton-seed oil before exposure, 
and washing this off within a few hours with soap and water, renders 
prophylaxis fanly ceitam The following remedies have therapeutic 
value hot water, ichthyol collodion, potassium permanganate, magnesium 
sulphate and tincture of 10 dm 

I gladly acknowledge my lasting obligation to Dr F P Gay, Dr G Y Rusk, 
and Dr Clias B Bennett of the University of California for their valuable advice 
and help > 



EXPERIMENTAL EOSINOPHILIA WITH AN EXTRACT OF 

AN ANIMAL PARASITE 

ITS RELATION TO ANAPHYLAXIS AND CERTAIN CLINICAL PROBLEMS 

W W HERRICK, MD 
NEW yoke: 

The functions of the eosinophil cells lemam one of the mysteries of 
biology Our knowledge of these cells includes their morphology, their 
place of origin and the naming of the various clinical conditions m which 
their number either m circulating blood or locally m the tissues vanes 
from the usual Of the role played by the eosinophil leukocytes in the 
economy of the body we know little Experimental work has lagged far 
behind speculation in this field 

Some months ago a phase of the problem of the functions of the 
eosinophil cells was suggested by two obseivations In 1910 a case of 
bionchial asthma came to my notice showing extreme blood-changes — a 
leukocytosis of 56,000, an eosmophilia of 77 per cent 1 This was placed 
on recoid together with a review of the literature of this well-known 
feature of asthma At about the same time Goldschmidt 2 recorded the 
observation that laboiatory workers whose duties led them to dissect 
Ascandes became sensitized so that tenderness and swelling of the 
fingers, conjunctivitis, coryza, sneezing, cough and asthmatic attacks 
resulted, and became increasingly seveie with repeated handling of the 
material It was found that the asthmatic attacks had a remarkable 
periodicity and m some instances persisted two weeks after cessation of 
contact with the worms 

Several baffling pioblems are linked, however complexly, by these 
observations Common to both bronchial asthma and Ascans infestation 
is an increase of the eosinophils of the blood One may well ask the 
significance of the eosmophilia m this association Further, it has been 
suggested that asthma may be classified among the phenomena of 
anaphylaxis 3 Many of the reflex and toxic symptoms seen clinically m 

^Submitted for publication m The Archives, Jan 10, 1913 

*From tbe Department of Practice of Medicine College of Physicians and 
Surgeons, Columbia University 

1 Herrick, W W The Eosmophilia of Bronchial Asthma, with Report of 
a Case Showing Extreme Blood Changes Jour Am Med Assn, 1911, Ivn, 1836 

2 Goldschmidt Die Asearisvergiftung Munchen med Wchnselir, 1910, 
lvn, 1991 

3 Meltzer Bronchial Asthma as a Phenomenon of Anaphylaxis Jour 
Am Med Assn , 1910, lv, 12, 1020 
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Ascai is infestation liai e been assigned to the same category 4 5 6 * * Is, then, 
the eosmoplnlia of the blood piesent m most instances of eitliei of these 
conditions the icsnlt of specific sensitiration or anaphylaxis 9 If this 
eosmoplnlia can be explained on such a basis, exactly uhat aie the sub- 
stances responsible for this efiect and undei uliat conditions is such 
effect pioduced 9 

As such a study imohes of neeessit} expeiimental eosmoplnlia with 
animal paiasites oi their pioducts, it 11103 be x\ ell to icuew the subject 
briefly 

review or literature 

Calamida 3 prepaied from the Tcma cncumcnna and the Tenia coe- 
nuius of the dog a eoncentiated extiact which he claims has a chemo- 
tactic effect on the eosinophils A capillaiy tube containing this extract 
placed m the pentoneal cavities and subcutaneous tissues of labbits was 
found at the end of twenty-foui houis to contain many leukocj’tes, most 
of which were eosmoplnls The most thoiough study of the eosinophil 
leukocytes is that made by Opie° in 190 i Woikmg with gumea-pigs 
Opie pioduced tiiclnniasis by feeding infected meat and noted a striking 
rise m number of eosmoplul cells m the blood at the end of the second 
week after infection This eosmoplnlia leached its maximum at the end 
of the third week In the lungs and mesenteric glands of the infected 
animals, masses of eosmoplul cells were obsened replacing poljunorpho- 
nuclear neutrophils and resembling small abscesses This increase m the 
eosinophils was accompanied by cliaractenstic changes m the bone- 
mairow — a diminution of fat and a replacement of this tissue b} r cellular 
elements, prominent among which weie immense numbers of cells with 
eosinophil granulations, many showing mitoses Opie is m accord with 
Ehrlich m the opinion that the bone-marrow is the seat of multiplication 
of the eosmoplul leukocytes Infection with a large number of Ti ich- 
mellae caused diminution m the number of eosinophils and was quickly 
fatal In general, a mild infection seemed to stimulate the eosinophil 
cells to rapid multiplication, a severe infection caused then destiuction 
Opie noted a remarkable relation between the nutrition of the gumea-pigs 
and the numbers of eosinophils m the circulating blood The animals 
below 500 gm m weight had an average eosmoplnlia of 2 per cent , those 
above this weight quite constantly a larger numbei of these cells A 

4 This has been suggested by Mosclicowitz Eosmoplnlia and Anaphylaxis 
New York Med Jour, 1910, xcm, 15, and others 

5 Calainida Weitere Untersuchungen uber das Gift dei Tanien Centialbl 
f Bakter u Parasit, 1901, xxx, 374 

6 Opie The Occurrence of Cells with Eosmoplul Granulation and Their 

Relation to Nutrition Am Jour Med Sc, 1904, cxxvn, 2, 217 also An Exper- 

imental Study of the Relation or Cells with Eosmoplul Granulations to Infection 

with an Animal Parasite, ibid , 1904, cxxvn, 3, 477 
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periodic variation m the nnmher of eosinophils -was shown by many 
animals Starvation caused prompt fall m the nnmher of eosinophil 
leukocytes and with gam m weight their numbers again rose 

Proscher 7 produced local eosmophilia by the mtrapentoneal injection 
of an extract of Tenia solium, finding that after an interval of five to 
forty minutes the polynuclear neutrophils in the peritoneal fluid about 
the site of injection were replaced by eosinophils Proscher and Pappen- 
heim 8 injected an extract of Tenia naginata into the veins of rabbits and 
noted a resulting eosmophilia of the blood. Staubli 9 has repeated a part 
of the work of Opie. This observer infected gumea-pigs with the Trich- 
mella spuahs and noted the consequent eosmophilia after a period of 
eight days or more He found that the eosinophil increase persisted as 
long as three and one-half years, that the eosinophil-producmg substance 
did not traverse the placenta and that offspring of animals showing 
eosmophilia do not have this cliaiacteiistic of their blood-picture Staubli 
also showed the diminution of the number of these cells during the entire 
time the organism is undei the influence of bacterial products and the 
existence of a reciprocal relationship between the eosinophil leukocytes 
and the polymorphonuclear neutrophils 

OBJECTS OE AUTHORS STUDY 

The problems toward the solution of which I have attempted to 
contribute are as follows 1 Whether eosmophilia of the blood could be 
produced experimentally by the use of an extract of Ascai is lumbi icoides 
2 Under what conditions of administration of this extract such eosmo- 
philia might be bi ought about 3 Whether or not the substance influ- 
encing the eosinophils is a piotem 4 Whether such eosinophil increase 
bears any relation to specific sensitization or anaphylaxis Throughout 
the work the possible relation of these questions to the clinical problem 
of bronchial asthma has been constantly m mmd 

EXPERIMENTAL WORK 

Guinea-pigs were chosen for the experiments, since the blood-cells of 
these animals resemble rather closely those of man m morphology and m 
reaction to bacterial and other agencies For convenience the fine gran- 
ular polymorphonuclear amphophils of the gumea-pig are termed polv- 
nucleais It is important to have clearly m mmd the usual blood-picture 

7 Proscliei Ueber expenmentelle Erzeugung von eosmophile Exsudaten 
Fol Haematol , 1905, n, 543 

8 Proscher and Pappenheim Ueber expenmentelle Leueocyten Eol Haema- 
tol , 1904, i, 638 

9 Staubli Trichinosis, 1909, p 107 et seq , also Die klimsche Bedeutung 
der Eosmophihe, Ergebn d inn Med u Kinder , 1910, vi, 12 and Ueber Eosino- 
philic, Samuel khn Vortr , 1909, clxvn, 43 
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of tlie guinea-pig Gulland and Goodall 10 give as an average the follow- 
ing count of leukocytes Numbei mac mm , 10,500 , polynuclears, 43 per 
cent , lymphocytes, 52 per cent , eosinophils, 2 5 per cent , basophils, 
2 5 pei cent KuilofI, quoted by Opie fiom Elnlich and Lazaius, states 
that the average percentage of eosinophils is 3 Kanthack and Hardy 11 
gne 2 per cent to 3 pei cent as the aieiage figuies Opie’s figures are 
higliei In counts of 10 guinea-pigs the avciagc peicentage of eosinophil 
leukocytes vas iound to be 13 I haie aieiaged the counts of seventeen 
animals before experiments veie begun and find the following figures 
Leukocytes, 10,311, polynucleais, 34 5 pei cent , large lymphocytes, 2 5 
pei cent , small lymphocytes, 59 5 pei cent , eosinophils, 2 5 per cent , 
basophils, 1 per cent , total number of eosinophils in 1 c mm , 363 In 
making the counts lecoided m this voik the blood was taken fiom the 
ear, a pipet giving a dilution of 1 to 20 and the Zappert counting 
chamber were used Smeais wcie ihade in the usual way, stained by 
"Wright’s stain, and 200 cells counted 

The extract used was prepaied fiom the Ascans hmibncoidcs of the 
pig The fresh worms were washed m distilled watei . finely divided, then 
ground with sand m a moitar and sufficient 0 5 per cent sodium elilond 
solution added so that each c c of the decanted solution represented 1 
gm of the fresh material The solution was passed through a Berkefeld 
filter and to it was added 0 5 per cent phenol, a preseivative having on 
mtraperitoneal injection no effect on the numbers of eosinophils or 
basophils of the guinea-pig (Sclileclit 12 ) This extinct, kept on ice, was 
a slightlv tuibid yellowish liquid, having the acrid odor characteristic of 
the Ascandes and containing protein m considerable amount Injected 
mtiapentoneally m guinea-pigs peritonitis did not follow, nor did any 
dnect toxic effects result from the rather small quantities — 2 to 5 c c — 
used It may be of interest to lecord that, notwithstanding having 
worked with Ascandes and their extracts at intervals for more than a 
year and a half, neither the laboratoiy dienci nor myself has shown 
symptoms of sensitization 

Taking up in their order the problems suggested, repoit is given of a 
selected number of such experiments with the fifty-six animals used as 
have bearing on their solution 

There can be no question that increase m the eosinophils of the blood 
of guinea-pigs may be pioduced experimentally by the mtraperitoneal 

10 Gulland and Goodall The Blood, 1912, p 76 

11 Kanthack and Hardy Wandering Cells of Mammalia Jour Physiol , 
London, 1894, xvn, 81 

12 Schlecht Ueher die Emwirkung von Serummjectionen auf die Eosmo- 
philen und Mastzellen des menschlichen und tienschen Blut Deutsch Arclnv 
f klm Med , 1910, xcvm, 308 
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injection of an extract of Ascaris lumbi icoides In eacli instance in which, 
this phase of the problem was investigated a positive result was obtained 
(Experiments with Guinea-Pigs 34, 36, 46, 47, 48, 49, 53 ) 

The methods of administration of the extract bringing about such 
increase m the number of eosinophils aie of particular interest As to 
dosage, a comparatively small amount of material is effectual when 
introduced into the peritoneal space of guinea-pigs , 2 c c of the extract 
was used in all but a very few instances Where larger amounts — never 
moie than 5 c c — were employed this is noted on the charts. The larger 
amounts seemed not to influence lesults m any way differing from the 
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smaller dosage , the increase m number of eosinophils bearing no relation 
to the amount of extract administered The factor of greatest influence 
m the production of this eosmophilia was the interval between injections 
of the extract Injections of 2 to 5 c c daily over a period of four weeks 
was without influence on the eosinophil content of the blood of guinea- 
pigs (Fig 1, Guinea-Pig 49 , and Fig 2, Guinea-Pig 51 ) Injections of 
2 c c of the extract every second or every third day was also without 
result (Fig 3, Guinea-Pig 46 ) Two series of injections daily or every 
second or third day, the two series being separated by an interval of ten 
days, was accompanied during the second series by but slight rise m the 
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number of eosinophils (Fig 3, Gumea-Pig 46 ) Infections of the extract 
at intervals of five to tv enty-fivc days was followed v ithout exception by 
a striking increase m the eosinophils of the blood (Figs 4, 10, 6 and 9, 
Gumea-Pigs 45, 34, 47 and 53 ) A senes of infections followed after an 
mteival of two to eight weeks by a further single infection had as a 
sequel a striking increase m the numbei of eosinophils (Guinea-Pigs 36, 
46 and 49 , Figs 7, 3 and 1 ) In no instance was n first infection followed 
by an eosinophil increase Each single reinfection when separated from 
the preceding by an interval of ih e days or moi e was followed by a more 
prompt response m the way of an eosinophil increase (Guinea-Pigs 34, 



45 and 47, Figs 10, 4 and 6), and m some instances each successive 
response was more marked (Guinea-Pigs 45, 47 and 48, Figs 4, 6 and 
8 ) Exceptions to this may be noted m the charts, but to illustrate the 
average tendency m these particulars I have made a composite chart by 
averaging the blood-counts of four animals having interval infections 
(Fig 5) 

The most pronounced eosmophilia m the series was observed m 
Guinea-Pig 36 (Fig 7), m which the control count of these cells was 
high Infections daily or a rernate days for a period of three weeks 
were followed some four vt iks later by a considerable rise m number of 
eosinophils, which, one week after the further administration of a single 
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dose of 2 c e , became enormous, these cells reaching the extremely high 
figure of 5,172 mac mm Explanation of the course of the eosinophil 
curve m this animal is difficult in that the rise m number of these cells 
was not so prompt an effect of the injections as m the case of the other 
anim als, the charts of which are here given I have noted that guinea- 
pigs showing a high control count of eosinophils react to inoculations of 
extract of Ascans in a manner less typical than that characterizing 
animals having a normal number of these cells. 

NATURE OE THE SUBSTANCE PRODUCING EOSINOPHILIA 

Is the substance influencing the eosinophil cells a protein? 

The ongmal extract was rich m albumin, giving the biuret reaction, 
positive Heller’s test and abundant precipitation on acidulation and 


^xg. 3. Gui 

May J 

t ton ii ivmfjr t 

iea pxg No. - 

une 

? 6 7 W/*/f /3 mm 

L6. 

July 
If tcrttfi? 169 9 

foiiuifisaniSifit 

Be\ 

Utszva uiTlq nil 

V 

)t . Oct . No 1 

XSil3a itf 6 7? 


an 

<? 

Lag 

3 .tJ 

A. 

<a * ; ; . r r 

cl 

£ 

c : r 3 * “ 


& * >- t ?■ c C 

■ 

* 

-u 

a 

<5 


‘r** 

Hi 

0 

1 ...... 

tU 

v* - - ^ - 

,0 ' - " ~ 

s-s : : : * 

- 

■ 

3 : r 

5 — 

5 

•n 

«*. 

w 

N 





W 

V 

V 



boiling The protein was precipitated by the addition of two volumes of 
acetone The abundant precipitate, isolated by filtration, was dried and 
dissolved m 0 5 per cent salt solution One gram of this precipitate was 
dissolved in 2 c e of the salt solution This amount was injected into the 
peritoneal cavities of guinea-pigs previously sensitized with the ongmal 
extract, death from anaphylactic shock resulting m Guinea-Pig 50, while 
m Guinea-Pig 46 (Pig 3) and m Gumea-Pig 48 (Pig 8) prompt rise 
m the number of eosinophils followed Practional precipitation of the 
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piotems of the extiact aftei the method of Pick 18 was not done as the 
effect on the eosmoplnls of the mtrapentoneal injection of many simple 
piotems has been studied by Sehleeht, whose work is quoted below. 

To secure an extiact practically protein fiee, the original extract was 
acidulated with acetic acid and boiled, the lesulting piecipitate filtered 
tliiough oidinary filter paper, 01 , m some cases, thiough infusorial earth 
and filter papei The filtrate thus obtained gave a faint biuiet reaction, 
but no coagulum on acidulation and heating This filtiate injected into 
the peritoneal space of gumea-pigs pieviously sensitized with the ongmal 
extract was without influence on the eosinophil cells of the blood 



(Guinea-Pigs 46, 48 and 61) It may therefore be concluded that the 
protein of the Ascaris extract is the substance responsible for the eosin- 
ophil mcrease when admimsteied by the above-described methods This 
conclusion gams further proof from the work of Sehleeht, 14 who, m a 
valuable contribution, has shown that the mtrapentoneal injection of 

13 Pick Zur Kenntmss der Immunkorper , Hofmeister’s Beitrage, 1902, l, 
351 

14 Sehleeht Ueber die Eimvirkung von Seruminjectionen auf die Eosmo 
philen und Mastzellen des menschlichen und tierischen Blut Deutsch Arch f 
klm Med, 1910, xcvin, 308 
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alien protein is followed in gninea-pigs by a striking eosmophilia of the 
blood. Tins result was obtained by the injection of whole blood-serum, 
egg albumin, fibrin, serum-albumin, semm-globulm and hemi-albumose , 
but not peptone or the products of further protein digestion — the amino 
acids, etc The results obtained m my experiments with the extract of 
Ascans lumbncoides and with the isolated protein of this extract corre- 
spond in general with those leported by Schleeht from the use of simple 
proteins Theie is the exception that Schleeht noted the eosinophil 
increase following injections at intervals of less than three days when 
such injections weie continued for a number of days 
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EOSINOPHILIA ANT) ANAPHYLAXIS 

To the question, ff What connection, if any, has the increase m number 
of the eosinophil cells of the blood noted in these experiments with 
anaphylaxis,” no final answer can be given However, some suggestive 
facts are brought out In no instance observed did the eosinophil increase 
occur during a time when the animals could properly be judged immune , 
nor was any such increase noted during the anaphylactic shock Imme- 
diately following the anaphylactic period the use m eosinophils m the 
blood wa^ marked and constant and more pronounced as the previous 
sensitization had been more thorough Further injection of the extract 
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during the post-anaphylactic penod was followed by a fall m the number 
of eosinophils (Guinea-Pig 53, Pig 9). Bosmophilia occuired alike m 
the animals showing marked anaphylactic shock after their recovery 
(Gumea-Pigs 45 and 53, Pigs 4 and 9), and m those showing no gross 
evidences of this phenomenon — dyspnea, convulsions, cyanosis, paralysis, 
etc (Guinea-Pigs 48 and 34, Pigs 8 and 10) 

In general, it is well known that an animal survmng anaphylaxis is 
for a time immune, but gradual!} loses this immunity and again becomes 
sensitive to the specific protein The eosinophil cells seem to have a 
direct relation to the various phases of this phenomenon Dunng the 



period of immunity then numbei is not increased It is only subsequent 
to the anaphylactic period, in the so-called post-anaphylactic stage that 
the eosmophilia appears, to vanish after twenty-four, forty-eight or 
seventy-two hours , after which and until the lapse of several days, these 
cells cannot be called out m unusual numbers It seems probable that 
this does not occur until the immunity is lessened or replaced by some 
degree of hypersensitiveness In the development of such immunity the 
eosinophil leukocytes may play a part, possibly they are the active agents 
m the process This lsrnLt with the conclusions of Schleeht, 14 who 
conceives of the eosinophil as cells having a special function protective 
against the invasion of t 'reign protein and designed to ward off the 
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danger of ilie anaphylactic period Of interest in this connection is the 
further work of Schleeht 15 m showing that lungs of guinea-pigs dead 
from anaphylactic shock contain eosinophil cells m large numbers and 
that animals may be sensitized or may show local evidences of sensitiza- 
tion m the lungs by the inhalation of sprayed serum. The work of 
Schittenhelm, Weichardt and G-nsshammer 16 claims attention m this 
relation These investigators studied the effect on the blood-cells of dogs 
of the intravenous injection of albumin, peptone and bacterial protein, 
finding an immediate leukopenia, the degiee of which depended not on 
the amount of material injected, but on its kind Albumin injected in 



sensitized animals caused a leukopenia lastmg some hours and followed 
by a stage of leukocytosis which subsided after four to six days This 
leukocytosis was mostly of the polynuclear neutrophils, but as the leuko- 
cytosis began to decline the eosinophils reached high numbers 

In so far as a single observation is of value, it appears that while the 
offspring of a sensitized animal are also sensitive to the specific protein 
employed, the capacity of respondmg by a hypereosmophilia on the mjec- 

15 Schleeht and Selrwenker IJeber die Beziehungen der Eosmophilie zur 
Anaphylaxie Deutsch Arch f klm Med , 1912, cvm, 405 

16 Schittenhelm Weichaidt and GriEsliammer Ervveissumsatz und Ueber- 
emfindlicbkeit Ztschr f exper Path n Therap , 1912, x, 3, 412 
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tion of the specific piotem is not transmitted That fact has an analogy 
m the obseivation of Stanbli, already cited, that the eosinophil-producing 
substance present m experimental tiichmiasis m guinea-pigs is not 
transmitted througli the placenta 

Eiom the evidence piesented it appeals 3ustified to conclude that the 
eosmoplnlia accompanying infestation with animal parasites is the lesult 
of protein sensitization Exactly how this sensitization is brought about 
is pioblematical The specific protein material may be secreted by the 
parasites or may be absorbed fiom the disintegration of those parasites 
perishing within the alimentary tiact or in the cn dilation of the host 



The experimental finding that administration of an extract of Ascai is 
Iwribncoides at intervals of less than five days is not followed by increase 
m the numbeT of eosinophils m the blood is difficult to reconcile with 
clinical conditions that may leasonabty be assumed to obtain m infesta- 
tion with these parasites where absorption of foreign material is prob- 
ably more or less continuous Undoubtedly there are factors of which 
we are as yet ignorant That a considerable latent period is necessary 
between the time of infection and the development of the eonsquent 
eosinophilia is apparent This is suggested by the observations of Opie 
and of Staubh, already quoted Both found that increase m number of 
eosinophil leukocytes m tL 2 blood of guinea-pigs fed on meat containing 
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embiyos of Tnclunclla spuahs took place only aftei lapse of eight or 
more clays, at a time v,hen the embiyos wei e migiatmg fiom the intestine 
to their resting places m muscle or other tissue 

It is tempting to conclude that hjpeieosinophilia is the result of sensi- 
tization to alien piotein This Mould bung into line the increase m 
number of these cells following injections of tuberculin, in seium sick- 
ness, many food poisonings, hay fcxei, the eosmophilia noted about 
animal paiasites and oiliei foieign piotem material Granting this, one 
is lured a step fuithei to seek m sensitization to piotem a cause of many 
types of bionelual asthma It may be that m the discoieiy of some 
substance capable of influencing the eosinophil cells of the body we may 
find the key to that impoitant clinical secret — the control of bronchial 
asthma 

PROTOCOLS 

Guinex Pig G — 'May 27 Eosinophils 00 Mm 20, 1 cc c\tiacfc Ascaris 
injected intrnperitoneallj May 30, leukocytes 6,4flQ, eosinophils, 00 June 6, 
leukocytes, 8,000, eosinophils, 00 June 0, 2 cc extinct injected mtraperitoneally, 
followed m ten seconds by clonic convulsions During comulsions, leukocytes 
4,000, polynuclears, 47 per cent , mononuclears, 52 5 per cent , eosinophils, 0 5 
pei cent Partial recovery for several hours, death nfter six hours 

Guinla-Pig 49 — Two cc extract of /lscaris hnnbncoidcs injected mtraperi- 
toneally daily from June 2G to July 27 with no significant change m the eosin- 
ophil content of the blood No injections given from Julj 27 to September 23, 
when an injection of 2 c c of the extract intraperitonealh gn\e in twenty-four 
liouis an mciease of the eosinophils from 3G0 to 3,040 per mm No symptoms 
of anaphylactic shock 

Guinea-Pig 51 — Weight, 417 giams Two cc original extract given July 
1, 3 cc July 3, 4 cc July 5, 5 cc July 0 and almost daily thereafter, with 
an occasional day excepted, until July 27 No change m number of eosinophils 
noted November 6, 2 cc of filtrate after precipitation of albumin of original 
extract given mtraperitoneally (Tins precipitation was made by heat and acid- 
ulation with acetic acid ) No change of note m the eosinophils resulted No 
signs of anaphylaxis 

Guinea-Pig 46 — Weight, 340 grams Five cc original extract given mtra 
pentoneally May 20, 2 cc May 22 and on appioximately alternate days there 
after to June 15 Then a single injection nfter ten days without effect on the 
number of eosinophils July 8 to 20 injections of 2 c c were given daily or on 
alternate days with slight increase of the eosmopluls September 22, 2 cc 
extract given inti apentoneally , September 23, eosmopluls, 2,010, September 
30, 770 

November 6, 2 cc solution of protein m 0 5 pei cent sodium ehlond piecipi- 
tated by acetone was given and was followed by an eosinophil increase from 
860 to 1,360 m twenty four hours, 2,511 m forty-eiglit hours After seventy-two 
hours, eosmopluls were 760 November 11, 2 cc filtrate of extract aftei coagu- 
lation of albumen with heat and acetic acid injected mtraperitoneally without 
effect on eosmopluls 

Guinea-Pig 45 — Weight, 320 grains Two cc extract mtraperitoneally 
May 15 Slight reduction m the number of eosmopluls m the blood followed 
June 5, 4 c c extract given mtraperitoneally Severe anaphylactic shock nfter 
twenty minutes, dyspnea, cyanosis convulsive movements, paralysis The periph- 
eial circulation was so affected during the shock that satisfactory specimens 
of blood could not be obtained Recovery m twenty-four hours, when eosms 
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were 820 anac mm In forty-eight hours eosms rose to 1,035 , m ninety-six hours 
400 per mm Third injection of the extract June 11, when eosms weie 108 
mac mm In twenty -four hours eosms rose to 2,030, m ninety-six hours 
fell to 300 June 24 eosms numbered 110 A fourth injection of original 
extract given on this date was followed m twenty-four hours by eosinophil 
increase to 2,378 In forty-eight hours eosms numbeied 536 

Guinea-Pig 50 — Weight, 245 grams Control count of eosinophils 62 m 

1 mm September 23, 2 c c extract injected mtraperitoneally No change noted 
m number of eosinophils October 30, 2 c c solution in 05 per cent sodium 
chlond of proteins of Ascans extiact injected mtrapentoneally Death m 
forty -five minutes from respnatoiy paialysis 

Guinea-Pig 47 — Weight, 485 grams Control counts of eosmoplnls showed 
variations from 0 to 438 per mm , 2 cc extract injected July 5, repeated July 
10 Eosinophils rose from 153 to 762 m forty-eight houis aftei second injection, 
returning to 116 per mm the fifth day Injection repeated July 18 Eosinophils 
rose from O' to 1,817 m foity-eight hours A fourth injection July 24 was 
followed m forty-eight houis by mciease of the eosinophils from 504 to 2,548 
per mm In each instance the eosmophilia subsided forty-eight houis after 
its maximum No evidences of anaphylactic shock 

Guinea-Pig 36 — Weight, 460 giams Conti ol counts showed high eosmo- 
plnlia — above 1,000 per mm , 5 e c extract of Ascans given for two days, then 

2 cc daily or on alternate days from May 22 to June 13 with no change m the 
average number of eosinophils July 15 a single injection of 2 c c of the 
original extract was followed by an eosinophil mciease to 3,160, which after 
four days reached 5,172 Previous to the last injection the eosmoplnls on July 
12 rose to 3,618, without l elation to any known factor November 6 an injection 
of 2 c c of previously boiled extract was followed by no change m numbei of 
eosmoplnls, which m this animal continued to be high 

Guinea-Pig 48 — Weight, 260 grams, 2 cc extract given September 23, 
no change m eosinophils followed September 30, 2 c c of the extiact previously 
boiled given mtraperitoneally and followed m twenty -four houis by a use m 
eosinophils fiom 0 to 395 per c mm October 30, 15 cc of a solution m 
normal salt solution of the proteins of the extract of Ascans precipitated by 
acetone was given and followed m twenty-foui hours by an eosmophilia of 
1,188 from one of 280 November 6, 2 c c of the original extract previously 
boiled was injected and caused an increase m eosmoplnls fiom 200 to 2,952 
November 11, 2 cc filtrate aftei piecipitation of albumin by heat and acetic 
acid was injected and was followed by no use m the number of eosmoplnls, 
rather was there a diminution m the number of these cells — fiom 330 to 55 in 
1 mm No symptoms of anaphylactic shock 

Guinea-Pig 53 — Male, weight, 675 grams Control count showed moder- 
ately high eosinophil count, 1,456 per c mm December 6, 5 c c regular extract given 
mtiapentoneally No maiked effect on eosmoplnls December 16 these cells 
numbered 612 per mm Three cc extract injected rntraperitoneally on this 
date After fifteen minutes dyspnea, tremor, slight convulsive movements 
December 17, eosmoplnls 2,400 Twocc extract injected on same day December 
18, eosmoplnls 1,416 Two cc extract given December 19, eosmoplnls 336 
Two c c extract injected December 20, eosmoplnls 658 

Guinea-Pig 55 — Male, weight, 260 giams, 2 months old, offspring of 
gumea-pig 45 (Pig 4 ) Bom Oct 5, 1912 Decembei 19, eosmoplnls" 00 
December 20, eosmoplnls 68 Pive c c extract injected mtiapentoneally After 
ten minutes dyspnea, convulsions, weakness of extremities, death 

Guinea-Pig 56 — Male, weight, 350 grams Of same litter as No 55 
December 18, eosinophils 80, 2 5 cc extract injected mtrapeiitoneally, no signs 
of anaphylaxis Decembei 19, eosinophils, 0, Decembei 20, 0 
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Guinea-Pig 3 4 — Weight, GOO grams Two ec extract gnen mtrapen- 
toneally Maj' 15, lepcatccl June 3 and four times additionally at intervals of 
one, two, tin ee and two weeks, successnelj Each injection after the first was 
followed bj piompt rise m the number of eosinophils from 400 to 800 or to 
3,102, as a maximum In the later injections the maximal cosinophilia occurred 
aftci twentj four hours 


CONCLUSIONS 

1 A notable cosinophilia of the blood can be developed by the mtra- 
pentoneal injection of an aqueous o\tmcl of /hearts htnibrxcoidcs 

2 The substance causing such eosinophil meiease is a protein 

3 Previous sensitization is nccessaiv to the development of this 
eosmoplnlia 

4 It is impossible to pioduce such cosinophilia while the animals 
aie immune to the extiact 

5 This eosmoplnlia ma) theiefoic be con c ideied evidence of previous 
sensitization 

6 There is a possible association of these facts with the problem of 
bronchial asthma 

50 East Fifty-Third Street 


Table 1 — Blood-Counts in Guinea-Pig 49 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Pei Cent 

No of 


Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 


cytes 

clears 

Lymph 

Lj mph 

phils 

ophils 

ophils 

June 20 

9,000 

47 

5 

45 

2 

1 

90* 

27 

7,840 

19 5 

2 

70 5 

1 5 

65 

510* 

28 

7,200 

24 

3 

71 

1 

1 

72* 

29 

7,400 

14 

1 

78 5 

' 1 5 

5 

370* 

July 1 

15,800 

18 5 

1 5 

77 5. 

15 

1 

158* 

2 

8,000 

17 5 

3 5 

75 

3 

1 

80* 

3 

9,000 

17 

1 

76 

2 

4 

3G0* 

5 

10,400 

10 5 

05 

89 

0 

0 

000* 

6 

10,400 

24 

1 

73 

0 

2 

208* 

8 

11,400 

40 5 

1 5 

54 

2 

2 

228* 

9 

5,600 

18 

1 

7S 

2 

1 

56* 

10 

6,000 

22 

2 

73 5 

1 

15 

90* 

11 

8,200 

32 5 

3 5 

00 

2 

2 

164* 

12 

7,200 

25 

1 5 

93 5 

1 6 

1 

72* 

13 

8,000 

13 

1 

S5 

0 

1 

80* 

15 

6,000 

19 

2 

79 

0 

0 

00* 

16 

7,600 

23 

1 5 

64 

0 

1 5 

114* 

17 

7,200 

8 

05 

87 5 

3 

1 

72* 

18 

8,200 

13 5 

1 5 

S2 

2 

1 

82* 

19 

8,400 

21 5 

1 

70 

65 

1 

84* 

20 

11,800 

19 

1 5 

78 

15 

0 

00* 

22 

18,800 

27 

0 

67 

2 

4 

752* 

23 

8,400 

26 

1 5 

64 5 

25 

55 

462* 

24 







#■ 

25 

9,800 

23 

0 

75 

2 

0 

# 

26 







■* 

27 

15,000 

22 5 

4 

72 5 

0 

1 

150* 

29 

6,800 

26 

3 

71 

0 

0 

000 
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Table 1 — Continued 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

No of 


Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 


cytes 

clears 

Lymph 

Lymph 

phils 

ophils 

ophils 

Sept 23 

12,000 

64 

25 

30 5 

00 

3 

360* 

24 

15,200 

42 

3 

32 

3 

20 

3,040 

25 

16,600 

415 

2 

34 5 

3,5 

18 5 

3,071 

27 

12,600 

25 5 

25 

54 5 

75 

10 

1,260 

30 

10,400 

30 

2 

61 

4 

3 

304 

Oct 2 

13,200 

41 

5 

46 

1 

7 

924 

4 

11,600 

28 5 

4 

60 5 

05 

65 

744 

*Two c c 

of original extract given mtrapentoneally in eacb instance 



Table 2 — Blood-Counts in Guinea-Pig 51 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

No of 



Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 



cytes 

clears 

Lymph 

Lymph 

phils 

ophils 

ophils 

June 

26 

5,000 

13 5 

0 5 

86 

0 

0 

000 


27 

7,000 

35 

2 

62 5 

05 

0 

000 


28 

7,200 

35 

4 

60 

1 

0 

000 

July 

1 

8,800 

18 5 

05 

79 

05 

1 5 

134* 


2 

7,000 

30 5 

05 

68 5 

05 

0 

000 


3 

9,000 

19 5 

1 

76 

15 

2 

180f 


5 

8,200 

2 

4 

94 

0 

0 

000$ 


6 

5,000 

37 

45 

46 5 

1 5 

10 5 

750§ 


8 

7,400 

17 

1 

82 

0 

0 

000§ 


9 

10,400 

19 5 

4 

69 

35 

4 

408§ 


10 

14,800 

48 5 

2 

47 

2 

05 

25§ 


11 

16,400 

39 

3 

54 

2 

2 

328§ 


12 







000§ 


13 

20,000 

14 

1 

84 

05 

05 

100§ 


15 

12,000 

60 

0 

40 

0 

0 

000§ 


16 

17,000 

16 5 

1 5 

79 

0 

3 

510§ 


17 

7,000 

54 

25 

42 5 

0 

1 

70§ 


18 

6,800 

29 5 

15 

65 5 

05 

3 

204§ 


19 

5,400 

39 5 

0 

59 

0 

1 5 

81§ 


20 

4,900 

38 

4 

57 

1 

0 

000§ 


22 

3,800 

30 

2 

68 

0 

0 

000§ 


23 







§ 


24 

7,600 

36 

65 

53 

45 

0 

000§ 


25 







§ 


26 

8,800 

26 5 

1 5 

68 5 

15 

2 

176§ 


27 







§ 


29 

5,400 

37 

4 

58 

1 

0 

000 

Sept 

23 

12,400 

12 5 

15 

85 

0 

1 

124 


27 

10,800 

30 5 

25 

66 

1 

0 

00 


30 

11,000 

24 5 

25 

66 

4 

3 

330 

Oct 

2 

15,600 

14 

1 

83 

1 

1 

156 


4 

10,200 

14 

4 

81 

0 

1 

102 

Nov 

6 

12,000 

16 

5 

78 

0 

1 

120tf 


7 

7,000 

25 5 

3 5 

62 

5 

65 

455 


S 

8,000 

10 5 

65 

81 5 

1 5 

0 

00 


9 

13,200 

31 5 

25 

63 5 

2 

05 

66 


11 

11,200 

30 

5 

61 

0 

4 

448 


*Two cc original extract given mtrapentoneally , $3 cc , +4 c c , §5 cc 
ftTwo c c filtrate after coagulation of albumin by beat and acidulation 



Tabli, 3 — Blood Counts in Gujnla-Pig 40 


Date 

No 

Per Cent 

Per Cent 

Per Cent, 

Per Cent 

Per Cent 

No of 



Lcuko 

Pol} nu- 

Large 

Small 

Baso 

Eosin- 

Eosin- 



cjtcs 

clcars 

L} mph 

L} mph 

plnls 

ophils 

ophils 

May 

8 

11,000 

37 

4 5 

51 5 

1 5 

25 

290 

20 

13,700 

39 

55 

53 5 

00 

2 

274* 


21 

13,400 

25 

2 

09 5 

05 

3 

402 


22 

13,400 

12 5 

4 5 

81 

0 

2 

2CSr 


21 

12,400 

18 

1 5 

SO 

0 

05 

02f 


27 

10,000 

17 

2 

79 

0 

2 

320f 


28 

13,200 






X 

1 


31 

9,000 

24 

11 

01 

1 

3 

270y 

June 

1 

12,200 

22 5 

.5 5 

09 

1 

2 

24 4+ 


3 

9,000 

19 5 

25 

70 

05 

15 

135f 


0 

12,000 

35 

4 5 

33 5 

0 

5 

0007 


7 

14,000 

25 5 

4 

00 5 

3 

1 

140f 


8 

22,000 

15 

2 

79 

o 

2 

440f 


10 

11,000 

31 

5 

00 5 

1 

25 

330 


11 

17,500 

13 

1 

83 

0 

3 

525f 


13 







X 

1 


14 

19, GOO 

10 5 

35 

SO 

05 

55 

1,078 


20 

9,000 

1G 

0 

81 

0 

0 

00 


24 

9,S00 

18 

o 

77 

0 

3 

294f 


25 

12,800 

10 

2 5 

83 5 

0 

4 

512 


20 

1G,000 

8 5 

3 5 

80 

05 

1 5 

240 


27 

14,200 

7 

2 

91 

0 

0 

000 


28 

12,800 

19 5 

05 

78 5 

1 5 

0 

000 


20 

20,200 

11 

1 

80 

0 

2 

404 

July 

2 

19,400 

4 

0 

95 

1 

0 

000 

0 

19,800 

20 

3 

71 

2 

4 

732 


8 

14,200 

11 5 

0 5 

88 

0 

0 

OOOr 


9 

11,000 

05 

1 

89 

0 

35 

380 


10 

10,000 

29 

0 

05 

1 

5 

5007 


11 

17,200 

05 

05 

91 5 

0 

1 5 

2587 


12 

11,000 

5 

0 

81 

0 

14 

l,540f 


13 

11,000 

0 

2 

80 

1 

5 

550 


15 

10,800 

55 

35 

87 5 

0 

35 

378f 


16 

14,000 

19 

1 

71 

0 

9 

1,2607 


17 

11,000 

18 

1 

77 

25 

1 5 

165f 


18 

14,000 

13 

1 

79 

2 

5 

7007 


19 

15,000 

23 5 

1 5 

09 5 

05 

5 

7607 


20 

15,800 

16 5 

1 5 

71 

4 

7 

l,106f 


22 

12,800 

15 

2 

72, 

2 

9 

l,152t 


23 

15,000 

16 

25 

72 

1 5 

75 

l,125f 


24 







T 


25 

13,600 

9 

2 

SO 

2 

7 

9527 


20 







f 


27 







X 

! 


29 

13,000 

11 

2 

84 

1 

2 

260 

Sept 

22 







t 

23 

13,400 

13 5 

1 5 

70 

0 

15 

2,010 


25 

15,000 

24 

1 

GO 

2 

13 

1,950 


27 

10,800 

28 

2 

54 

1 

15 

1,620 


30 

7,000 

21 

4 

63 5 

05 

11 

770 

Oct 

2 

17,000 

16 

1 

72 

0 

9 

1,460 


4 

10,200 

17 

2 

76 

0 

5 

510 

Nov 

6 

17,200 

24 

3 5 

66 

1 5 

5 

860$ 


7 

6,800 

29 5 

11 5 

49 

0 

20 

1,360 


8 

16,200 

23 

6 

54 5 

1 

15 5 

2,511 


9 

15,200 

22 

1 

68 

4 

5 

760 


11 

7,200 

18 

2 

69 

2 

9 

648§ 


12 

10,200 

8 5 

35 

86 

05 

15 

153 


13 

12,400 

12 

3 

80 

0 

5 

620 


14 

9,600 

8 

3 

87 

0 

2 

192 


*Five c c original extract intrapei itoneally , y2 c c doses 

+Two c c solution in 0 5 per cent saline of protein of extract precipitated by 
§Two c c filtrate after coagulation of protein with heat and acidulation 
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Table 4 — Blood -Counts in Guinea-Pig 45 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent. 

No of 

Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 


cytes 

clears 

Lymph 

Lymph 

phils 

ophils 

ophils 

May 8 

12,000 

31 

4 

60 

3 

2 

240* 

«/ 

10 

9,400 

29 5 

3 5 

61 5 

3 

25 

235 

15 

11,400 

32 

5 

59 

2 

2 

228f 

40 mm later 10,800 

32 

0 

67 

0 

1 

108 

June 5 

10 30 a m 

10 50 a m 

11 30 a m 

7,000 

19 5 

0 

78 5 

0 

2 

140$ 

4 30 p m 

8,000 

63 

2 

27 

2 

6 

480 

June 6 

16,400 

28 

1 

65 

1 

5 

820 

7 

9,000 

24 5 

45 

56 5 

3 

11 5 

1,035 

8 

9,600 

8 

2 

86 

0 

4 

384 

10 

8,600 

13 

2 

85 

0 

0 

00 

11 

10,800 

7 

3 

85 

4 

1 

108f 

12 

14,200 

12 

1 

66 

6 

15 

2,030 

13 

10,000 

9 5 

3 

79 5 

1 5 

65 

650 

14 

9,400 

15 

2 

79 

0 

4 

776 

20 

17,400 

27 

1 

70 

0 

2 

348 

24 

11,000 

43 

1 

55 

0 

1 

HOf 

25 

16,400 

28 5 

25 

53 5 

1 

14 5 

2,378 

26 

13,400 

20 

1 

75 

0 

4 

536 

27 

22,400 

32 

4 

63 

0 

1 

224 

28 

14,800 

36 

0 

62 

2 

0 

000 

29 

25,000 

11 

2 

87 

0 

0 

00 

July 2 

24,400 

10 

3 

86 

0 

1 

224 

6 

23,600 

31 

0 

65 

0 

4 

944 

8 

24,200 

20 

1 

76 

0 

3 

726 

10 

20,000 

42 

1 

56 

0 

1 

200 

12 

25,200 

10 

1 

88 

0 

1 

252 

15 

15,000 

26 

1 

73 

0 

0 

00 

18 

13,000 

19 

0 

81 

0 

0 

00 

20 

11,600 

49 

1 

44 

0 

6 

696 

22 

20,600 

16 

5 

78 

0 

1 

206§ 

23 

16,800 

14 

2 

82 

0 

2 

336 

^Weight 

320 gm 

fTwo 

c c extract mtraperitoneally 

$Four cc 

extract 

mtraperitoneally Dyspnea, cyanosis, twitching, 

paralysis 

§Weight 650 gm 


Table 

5 — Blood Count 

in Guinea-Pig 50 

Weight 

245 Gbams 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

No of 


Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 

Sept 2 

cytes 

cleai s 

Lymph 

Lymph 

phils 

ophils 

ophils 

Sept 23 

6,200 

38 

2 

58 

1 

1 

62* 

27 

4,600 

47 5 

5 5 

47 

0 

0 

00 

30 

7,600 

50 

7 

39 5 

25 

1 

76 

Oct 2 

6,200 

30 5 

45 

61 5 

1 5 

3 

186 

4 

5,600 

36 

5 5 

56 

0 

25 

140 

30 

5,600 

24 

1 

67 

2 

6 

336f 


*T\\ o c cm extract mtraperitoneally 

fTwo c c solution m 0 5 per cent salt solution of protein of Ascans extract 
precipitated by acetone Dyspnea, paialysis, death after 45 minutes 
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Taijlf 0 — Blood Count in Guima-Pxg 4 7 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

No of 


Leuko- 

Pol} nu- 

Large 

Small 

Baso- 

Eosin- 

Eosin- 


C} tes 

clear*? 

Lj mpli 

L} inpli 

phils 

ophils 

ophils 

June 2G 

14, GOO 

42 

0 5 

54 5 

0 

3 

438 

27 

12,000 

32 5 

3 

G2 

1 5 

1 

120 

28 

8,000 

32 

2 

03 

0 

3 

240 

20 

11,000 

19 

1 

79 

0 

1 

110 

July 5 

9, GOO 

34 5 

25 

G3 

0 

0 

000* 

G 

14,000 

28 

1 5 

70 

1 5 

1 

140 

8 

10, GOO 

18 

1 

SO 

0 

1 

10G 

10 

10,200 

25 5 

1 5 

71 5 

0 

1 5 

153* 

11 

IS, 400 

55 5 

1 

40 5 

0 

3 

552 

12 

25,400 

24 

o 

70 

1 

3 

7G2 

13 

14,200 

28 5 

05 

07 

0 

4 

5G2 

IS 

11, GOO 

32 

3 

G4 

0 

1 

11G 

18 

11,800 

G 5 

1 5 

91 5 

05 

0 

ooo* 

19 

17,800 

20 

0 

71 

3 

G 

1,008 

20 

15,800 

42 

05 

44 

2 

11 5 

1,817 

22 

11, GOO 

4 

2 

93 

1 

0 

000 

24 

12, GOO 

21 

1 

72 

2 

4 

504* 

25 

24,400 

35 5 

05 

53 

4 

7 

1,708 

2G 

19, GOO 

32 5 

2 

50 5 

2 

13 

2,548 

27 

23, GOO 

IS 

1 

75 

1 

5 

1,180 

29 

8,400 

51 5 

05 

40 

75 

05 

42 

*T\vo c c 

original 

extract mtrnperitonenlly 







Table 7 — Blood Counts in Guinea-Pig 

3G 


Date 

No 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

No of 



Leuko- 

Polynu- 

Large 

Small 

Baso- 

Eosin- 

Eosin 



cytes 

clears 

Lymph 

Lymph 

phils 

ophils 

oplnls 

May 

8 

10,000 

46 

4 

40 

2 

8 

1,280 


20 

11,200 

44 

5 

40 

1 

10 

1,120* 


21 

13,600 

46 

3 

40 

1 

10 

1,360* 


22 

18,400 

20 

5 

73 

0 

2 

2G8T 


24 

16,200 

30 

1 

60 

1 

8 

1,296t 


27 

7,000 

21 

4 

G8 

1 

6 

420f 


28 

10,600 








31 

9,000 

39 

2 

49 

2 

8 

720f 

June 

1 

10,000 

31 

3 

59 

2 

15 

l,500f 


3 

15,000 

19 

6 

59 

1 

15 

2,250f 


4 

12,000 

19 

1 

70 

1 

9 

l,080f 


5 

6 

7 

18,000 

28 

3 

58 

1 

10 

1,8001 

f 


7,800 

27 

1 

60 

0 

12 

936f 


8 

10,400 

21 

1 

69 

1 5 

75 

780f 


10 

13,400 

22 

0 

68 

1 

9 

l,200f 


11 







f 


13 







f 


14 

10,000 

10 

1 

80 

0 

9 

900 


20 

10,200 

24 

2 

56 

0 

18 

1,836 


24 

15,000 

19 

5 

63 

2 

11 

2,650 


25 

14,400 

37 

3 

49 

2 

9 

1,296 

July 

2 

26,000 

15 

2 

79 

2 

2 

520 

5 

27,800 

18 

1 

75 

0 

6 

1,668 
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Table 7 — Continued 


Date 

No 

Pei Cent 

Pei Cent 

Pei Cent 

Pei Cent 

Pei Cent 

No ot 


Leuko- 

Polynu 

Lai ge 

Small 

Baso- 

Eosin- 

Eosin- 


ci tes 

cleai s 

La mpli 

Lymph 

phils 

ophils 

ophils 

8 

23,700 

21 

0 

74 

0 

5 

1,185 

10 

24,200 

24 

2 

65 

0 

9 

2,17S 

12 

27,800 

27 

0 

00 

0 

13 

3,618 

15 

25,000 

37 

1 

56 

1 

5 

1 250t 

16 

31,600 

46 

0 

43 

1 

10 

3,160 

17 

22 800 

28 

1 

65 

0 

6 

1,368 

18 

32,800 

28 

1 

60 

1 

6 

1,968 

20 

28,600 

21 

0 

62 

1 

13 

3,61S 

22 

23,600 

33 

0 

44 

1 

22 

5,172 

23 

22,000 

27 

0 

C3 

1 

9 

1 080 

26 

21,600 

38 

0 

53 

0 

0 

1,044 

29 

13,000 

40 5 

2 5 

3S 

3 

10 

2,080 

Sept 23 

15,000 

28 

3 

54 

0 

15 

2 250 

27 

9,800 

32 

3 5 

45 5 

1 5 

17 5 

1,715 

Oct 2 

12,000 

22 

3 

56 

0 

10 

2 280 

4 

10,000 

14 

1 

71 5 

2 5 

11 

1,100 

Nov 6 

13,800 

30 

3 

43 

2 

22 

3,036+ 

7 

11,000 

22 5 

0 

54 

2 

21 5 

2,365 

8 

12,800 

27 

4 

a4 

2 

23 

2,944 

9 

15,600 

15 

5 

00 

o 

18 

2,808 

Five c c 

oi lgmal 

extiact intiapeiitoneally , y2 

c c $2 c c 

■ extiact pievioush 7 


boiled 


Table 8 — Blood Col xis jx Glinla-Pig 48 


Date 

No 

Pei Cent 

Pei Cent 

Pei Cent 

Pei Cent 

Pei Cent 

No of 


Leuko 

Pop nu- 

Laige 

Small 

Baso 

Eosin- 

Eosin- 


cj tes 

cleais 

Lvmph 

D\ mph 

plnls 

ophils 

ophils 

Sept 23 

8 400 

42 

1 

55 5 

1 5 

00 

00 

27 

13,200 

46 5 

4 

48 5 

0 

1 

132 

30 

10,000 

25 

2 

72 5 

0 5 

0 

00T 

Oct 1 

13,000 

66 

2 5 

28 

0 

3 5 

395 

2 

11,600 

60 5 

3 5 

32 

2 

2 

232 

4 

8 800 

10 

0 

SO 

1 

0 

00 

7 

0 

12,000 

14 400 

21 5 

2 

76 

0 

0 5 

60 

30 

8,500 

37 

4 

57 

1 

1 

85$ 

31 

8 000 

10 5 

S 

04 5 

4 5 

3 5 

280 

Nov 1 

10 800 

40 

2 

46 5 

0 5 

11 

1,188 

2 

5 400 

16 

2 

78 

0 

4 

216 

0 

10 000 

41 5 

2 5 

53 

1 

2 

200y 

7 

16 400 

40 5 

4 

34 5 

3 

18 

2 952 

8 

11 200 

30 

2 

67 

0 

1 

112 

0 

13,400 

25 

10 

50 5 

1 

4 5 

603 

11 

11 000 

27 5 

7 5 

61 5 

O' 5 

3 

3305 

12 

11 000 

32 

4 5 

63 

0 

0 3 

55 

13 

7 200 

13 

4 

S3 

0 

00 

00 

14 

8 600 

21 

1 

75 

2 

1 

86 

f Ti\o cc 

extiact 

intiapei itonealh 






T'P\o cc extiact lntiapentonealp {solution pieciouslv boiled) 

JOne and fiae tenths cc solution of acetone piecipitate injected intiapen- 
tonealh 

^Two cc filtiate aftei coigulation of albumin of extiact by heat and 
acidulation 



181. 
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Ditc 


Dec 


0 

7 

11 

r> 

d> 

17 

18 
l‘> 
20 


NTo 
LeuL° 

( i te*' 

18 200 
21,(100 
>2 800 
20 000 
10 200 
•10 ooo 
11,800 
1 800 
100 


( 'Ol M 1 ' I s f5UM ' Pl< ’ 

. Ullll 1 01 '■ r „u«l 

‘ss, 


l’oh mi 
llc*<U s 

111 

72". 
1(1 
70 
27 
(.(> 
r> 
u "> 

50 


Li vi ”<• ,, 


(l 7 


11 '» 


11 


li 7 


, sV ,„rt 

. til 


5 1 
1 1 
r> '» 

17 7 
1.0 
1 1 
10 

7l> 7 
77 

1 c ( ‘ v 


ll.V'O 

l>lnl- 

0 
1 

1 7 

0 7 
0 

1 
1 
0 
> 


8 

t> 

S 

2 7 

(. 

S 

12 

■> 


Xo of 
Ko«m 
Opl'lls 

1,470* 

1 200 
1 821 
700 

(.12t 

2 , 100 * 

1 , 110 * 

00* 

078 


™..n 
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■ -k ( A All T 1 


D.\lc 
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Man 

10 , 

Time 

3 P 

4 30 
June 

2 P 
4 P 
June 


S 

1.7 

o 

m 

p m 


21 7 
8 

I 5 

II 


1 

0 

1 3 
1 


4 

in 

m 


7 

V) 


July 


8 
10 
12 
15 
10 
17 
IS 
20 
24 
27 
29 


14 
70 
17 5 
17 

4 3 
10 

05 
17 3 
27 

7 3 
20 
20 
24 
21 
33 3 
4 
4 
23 
25 
37 
24 
24 5 
20 
2 
13 
IS 
33 
20 
35 
_1 b 
23 
32 


1 

3 
2 
vl 

4 

0 ‘ 
~> 


>*o 

LcitUo* 
c\ tes 

10 ooo 
10 200 
0 000 
1 1 000 

10,000 
14,000 
17 000 
8 000 

. 12,000 
s 12,200 

!0 17 000 

n 21,000 

io 10 800 

H 14,400 

U 12,000 

20 16,000 

94 K.,800 

95 28,000 

9C 18 400 
97 12,000 

28 12,000 
20 12,400 

9 12,000 

3 17,000 

r- 13 000 

8,400 
14 200 
9,600 
9,000 
18 200 
15,200 
19 600 
15 400 
13 000 
17 000 
pg 13,000 


I'osm 

opluD 


of 
I'osm 
opluls 


70 7 
88 
82 7 
18 


1 7 
0 
0 
1 


1 7 
4 
1 
K 


4 

1 

2 

0 3 

1 

1 3 
0 
1 
3 
1 
0 

1 5 
1 

1 

2 
1 
0 

05 

1 

25 

2 

1 

1 

3 


4 1 3 
H> 

78 

(.0 

82 

70 3 
77 

71 7 
33 
SO 5 
1,7 
77 3 
l»S 
o7 
43 
01 
80 3 
07 
02 5 
50 
74 
08 5 
62 
00 
50 5 
76 5 
45 
60 5 
57 
71 
08 
49 

^Tivo c c 


1 

rt 3 
0 
0 
0 
0 

0 3 
0 
0 
1 
0 
0 

0 3 
2 

1 

0 7 
0 

1 
1 
0 
1 
? 

1 

0 

1 

0 

0 

0 

1 5 
1 
1 


I 

10 

7 

23 

0 7 

1 
3 
8 


10 
4 
10 
2 
3 
10 
10 5 
3 

3 
0 

4 

9 5 
1 

5 
5 
1 

7 5 

4 

21 

5 

6 
5 
7 

15 


170* 

40ST 

270 

700 

1,384 
1 400 
830 
1,840 
1 140 
4SS 
428* 
1,680 
3 108 
576 
1 200 
320 
504* 

2,S00 

2,013 

300 

37S 

744 

4S0 

1,015 

130 

420 

710 

96 

675* 

728 

3,192 

1,568 

024 

650 

1,190’ 

2,040 
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UNSATURATED FATTY ACID AS A NEUROLYTIC AGENT v 

HERMAN M ADLER/ M D 

BOSTON 

This communication is a biiet leport of some expenments conducted 
with the purpose of detei nulling whethei ceitam hemolytic substances 
had a lytic effect on the neise cell and what the consequences of f his 
lytic action might be in the sunoundmg tissue Expenments were con- 
ducted on five cats The substances employed were oleic acid and tiiolem 
Oleic acid, as is well known, is hemolytic, uheieas tnolem is not Oleic 
acid is an unsatuiated fatty acid, and on that account, as Faust and 
Tallquist 1 have shown, is hemolytic It is capable of foimmg soaps with 
bases, and theiefoie of going into colloidal solution in the body fluids 
Tnolem is a combination of tlnee molecules of oleic acid attached to a 
molecule of glycenn It is a neutial fat, that is, it is not capable of 
foimmg soaps with bases and theiefoie can not go into colloidal solution 
m the body fluids Tnolem may, undei suitable conditions, be emulsified 
m wateiv solutions The cliffeience m hemolytic action is, theiefore, 
dependent on physical causes The tnolem, which contains tlnee mol- 
ecules of unsatuiated fatty acid, does not hemolyze the led cell because 
it can not leach it, being present as an oil, howevei finely divided, and 
theieioie unable, piobably, to pass tlnough the wall of the led cell Oleic 
acid being able to go into colloidal solution is able to pass tlnough the 
wall of the led blood-cell and mix colloidally with the contents 

In two cats oleic acid was injected into the biam, m tlnee, tnolem 
was injected undei smnlai conditions into the bi am 

PROTOCOLS 

The piotoeols m brief aie as fol loirs 

Cal 9S — Jan 31 1912 The cat was etlieuzcd at 9 50 a m shaved, and the 
opeiation staited at 10 30 An incision was made a little to the light of the 
median line about 1 5 cm in length The skull was tiephmed m about the centei 
of this incision and 0 1 ec of oleic acid was injected The wound was closed 
with two black silk sutuies dneci with ethei, and coveied with collodion and 
cotton 

Feb 3, 1912 The cat seemed to ha\e lccoveied fiom the effects of the opeia- 
tion and w r as put m with the otliei eats 

Feb G 1912 The sutuies weie lenioved and an attempt was made to leenter 
the biam with a needle In doing this the wound w r as opened 0 3 ee of oleic 
acid was injected m all 0 1 cc in each of tlnee places The last injection went 
the deepest downvaid and backwaid The ethei i/ation was begun at 3 05 p m 

: Submitted foi publication m 3irr Aiscimrs Dec G 1912 

"Fi om the Laboiatoia of theDameis State Hospital No 24 of the Dameis 
State Hospital Senes 

1 Faust and Tallquist Aicli f expei Path u Phaim 1907 Ini, 375 



1SS 


y ///; i nan j i:s 01 i ^ iu; ^ i /, i irnn / \ i: 


anti tiic <>]x»i at ion complehd nl I 1 » p m 1 lie wound was again closed with one 
silk sutme, diied and emend with tollodion and cotton I In ear was found dead 
the next inclining I lie skull was opened and the hinin lemmed Jlieie was a 
lieinoi llinge at the site ot the injection 

1 utopsij — I he findings at antops\ wcie as follows 1 hi gioss section of the 
hiun showed a huge heiiim i hngit focus m the white suh-tance 1 In indn ldiial 
injections could hi made out I he le-mn had a chicohite In own coloi which is 
dial ictei istie of the i onihm ltion of oh le and and 1 lood It n notewoilln that 
the discoloiation was not (onhmd entmh to the site of the hi moi l liage, hut 
extended thioughmit the white nnttei in the neighborhood s<> that on the affected 
sidi the «i n nnttei ippiaied pah h\ conliast t h * ie\n-e of noinial as shown 








Fig 1 — Bi nn of Cat 98 Foin injections of 0 1 c c olnc acid each in about 
the same place into light hemispheie Extensile l.emoi i liage Hie right henn 
spliei e is pusl oil o\ei tow uds the left m the legion of the median flssiue Con 
xolutions show no flattening 


on the left side the nntenoi poition of the hemoii liage lejnesented the oldei 
of the injections ( about a week between the injections) Hieie weie no signs of 
mtiaciamal piessuie at autopsx xet the light hemispheie was distinctly enlaiged 
bx the injection, as might be seen in the eioss section bx the bulging of the 
median fissuie 


Jhcioscopical Exa.iunaiion — ^Iicio=eopically rbe liemonliage itself showed a 
maiked destruction of led blood cells Hie lesultmg biown pigment and detntus 
that filled the aiea of the ie> on could account foi the macioscopic dark coloi In 
the neighborhood of the lesion this pigment and detntus was scattered thinly 
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between the cells ’I lie none cells had nut taken up am Hole and time the nei\o 
cells howeioi, \\eie filled with globules of uiijiij; si/e tbit stained liitcnselv 
with Sclmihuh H 'llieie was bote and tbeie about the poiiphoiv of tbe lesion 
an ainuipbous b\ aline substance staining a pale blue w it li hematow bn md 
tluonin piobabh a calcium soap llien was a milked destruction of nerve cells 
and liemoglin tbe neive eedls sbmunj! vaiions stages of di gi itciiitinn (vaeuoli/a 
tion etc) .Some' neive cells showed distinct satcdhtosis 'Ibeie was a inaiked 
mciease of penvasculai cells '1 be endothelial cedis about tbe ve*ss(.]s appeared to 
be tilled with the blown pigment and granules liking tbe Mini Inch H inlliei 
liidistintllv 1 lie nouioglui at tbe liienibiana limiiaiis of tbe In ini tissue bad 
become limie active 1 I be coniuetive 1 tissue cells aiouuel tbe blood vessels line! 
laigo vesuulai nuclei and might peissiblv lie active .\ll along tbe course of tbe 
bloodvessels vveie cedis w it li involute 1 !! nuelei that niiglii be Ivinpbocvles 7 lie 
vessels vveie tilled with fat J lie* meieise of cells about tbe vessels was com 
paiable to tin me lease 1 of muioglui cells 

Cut 10 ) — leb 27 1*112 Ktbei i/ation w.is begun at 0 lit a in and conipletcd 
at 0 30 i m An incision about 1 "> cm was made nist to tbe* light of tbe median 
line and tbe skull was ti opium el One tenth ec of oleic acid vv is injected in each 
of two pi ices 'J be wound vv is e. lew el with silk stilmes and coveicd with collodion 
mil cotton 'J be open it ion was completed at 10 10 a m 'I be cat did not lecovei 
ftillv tioin tin 1 ether and died m tbe eulv p.ut of tbe afternoon On icanoving 
the calvaimm the eluia was found to be torn appaicnth bv tbe tieplun' 'Ibeie 
was a benioi i bage* ovei tbe point of mjeation extending ovei the* side ot r‘ie lnain 
to tbe infenoi siuface 'Jbeue 1 was a biownish dej osit of oil m tbe dm i nuclei 
tbe In im 

Mxuo^capual Jjto nit not ion — 'I lie duiation of tins expel inieiit was onlv a 
few boms 'J he elesti uction of tbe blood cells at tbe site of tbe main lesion was 
not as complete is m tbe pievious expcimient but was neve l tludess ven inaiked 
In the neigbboi hood of tbe lemon tbeie w is a laigo amount of eletiitus md 
blood-pigment in tbe In mi substance 'J be leaction mound the vesseds obseived 
in tbe foicgoing cxpeimicnt was not noticeible beie altbougb beic md tbeie 
tbeie was in indication of a beginning pioliferation In tbe immediate neigbboi 
hood of tbe lesion some of tbe neive cells showed destine lion 'Ibeie was a 
muikcd satellitosis about these cells vvlucb was not noticeible at a distance fiom 
tbe lesion 

Cat 103— Vo b 27, 1<)12 Etliei 1/ ition was begun at 10 05 i m and com 
pleted at 10 40 a m 'I bo incision vv is made just to the light of tbe median line 
and the skull vv is ticphmecl 'Ibeie was considei able bemonbige of appuentlv 
venous blood 'Jlus vv is finilh checked and 0 2 cc of tnolein w is injected in one 
place 1 be wound was closed with two black silk sutuies clued, and coveied 
with collodion and cotton 'the opeialion vv is completed at 11 25 a m Litei 
m the afternoon tbe cat vv is latliei stupid and in i semiconscious condition 

FeD 28, 1012 'lho cat was found eleul in tbe morning The skull was opened 
and tbe biain lcmoveel 'Ibeie was «i benionhagc beneath tbe dui a at tbe point 
of injection Tbeie vv is also a liemoi i bage m tbe right lateial ventiiclc 

Gat 105 — I eb 20 1012 Etbeii/cd at 0 10 a in Opeiation begun at 0 55 
a m Tbe skull was tiephmed m about tbe same place as in tbe othei cases 
and 0 1 cc of tiiolein was injected 'J be wound was closed with silk sutuie dned 
and covered with collodion and cotton The opeiation vv is comjdeted at 10 10 
a m The cat ieco\eied fiom tbe ethci veiv eisity and seemed peifectlv noimal 

jMaicli 1 1012 1 be cat was well and quite plavful 

March 2 1012 'the cit was cliloiofoi med and tbe skull ojiened and the 

biain lemoved Tbeie was a slight hemonhage beneath the dm a at tbe point ot 
injection 

Cat 106— Tob 20 1012 The cat was etliei l/ed at 10 20 a in I he opeiation 
was begun at 10 35 a m The skull was tiepluued on the light side and them 
was con«ideiabIe bone hemonhage This was finallv checked and 0 3 cc of tnolein 
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was injected in one pine in tin* light liuni-plieic 'J hr wound wa- clo-td with 
tlnee silk xutuio- din d and <o\eied with collodion and cotton 'J In cal mowied 
ficnn tin* (Ileal- of the c'thc'i and -eemotl iioinial 

Mnich 1 1012 'I he c it was well and willing tc he pelted and to pin with 
a stmw 

Aluch 2 1012 '1 he cat was chloi ofoi nied the shall opened, and the biain 

lennned 'iluic was little to -<'c> e\lcinall\ except a slight conge-lion at the 
point of injection 

1/ if losro/wrr/ 1 u limitation of the Untut s of f’ci/c 10! 101 ]0 (> — ith the 
exception of (at 101 tlieie wcie no -ign- oi In mm l huge in the -e tlnee cats In 
105 the lienioi i liape w.i- piolnhh cnn-iel 1»\ a dull lieplnne nitliei than In the 
injection a- xenon- ldood ponied out fioni nuclei tin* cliiia (101111" the opention 
'J he licmoiilnge was confined to the -uhduial -j».ic e end the lateial xenfiicle 1 lie 
i dictions such a- pc 1 1\ i-cnlni jnolifc i ition nc*i \ c» c« 11 iltciation salellito-is and 
the appciianci* of the blown detutii- due to the* uc-tiudmu of the hlood cells 
weie eitliei mild oi in the lattei oa-eah-ent ( it ltd which had i licmoiilnge 
showed inn i o-e opie illx piaeticalh no hcniohsis .*»< the site of the* heniorihage 
tlieie w i- i huge iinoiint of nnib-oihed fat ippuenth nnalteieel tl lolem 'lhcic 
w is c on-nlei aide unalteied tiicdein in the nie-h's of the pin in itei 'I lie pia 
cells appealed quite actne (at 101 showed line l esc opnnlh » small heinoi iliage 
into the white -uh-tance I hi- heinoi iliage in ( if Iff) a- m ( it 10*5 1- to lx 1 
lcguded as mechtnical in ongin a- e\ideiiced In it- small -i/c and In the ahsence 
of hcniohsis and hlood pigment md detnlu- m it- Mcimtx I lie endothelial 
cell- about the-e hemoi i liage- hid taken up wiiat fat f hex could lint tlieie 
seined to he no e\idenco of nutcase in the nunihei of endothelial cells 

The loaetion thcieloio seems in iho t a^o of tnolein injections to be 
confined to the site of the injection and to the immediate disposal of as 
mn eli ti lolem as possible wheiens m the ease of oleic aeid the si/e of the 
mtiaccicbial liemoi iliage the none cell alieiation such as xaeuoli/alion, 
satellitosis pemasculai leaction and the appeal ancc of the lnown 
gianulai pigment indicate a nioie oi less desliuetne action on the none 
cells as well as on the led blood-cells The pemasculai piolifciation and 
the satellitosis might, in new of these e\pei linents, he legal ded a« of a 
piotectnc natuie baling possibly to do cithci with the neutiali/ation of 
the unsatiuated fath and oi with the handling of the piodncfs of the 
desti notion of the none cells (satellitosis) 

sinnr iiri 

1 The abo\e expenments show that unsatmated fatti acid, of which 
oleic acid is the type, is a neuiolytic agent 

2 It is piobable that this neuiolvtic action depends on the same 
piopeities as the hemohtie action of these substances 

3 Peiivaseulai piolifeiation and satellitosis may he associated with 
pathological piocesses m which tytic fattx substances plav an nnpoitant 
pa it 

4 An mtiaceiebial hemonhage max he pioducecl e\pei linen tall)' 
without alteung the blood-pi essuie and without tianma, but by means 
of chemical action alone 

5 A method is heieby gnen foi pioclucmg hemoi ihages within the 
neivous system at any cleaned point 

74 lenwood Road 



A CRITICAL STUDY OF A CASE OF MYIASIS 
DUE TO ERISTALIS 5 


MAURICE C HALL, MA and JAMES T MUIR, MD 

WASHINGTON, D C COLORADO SPRINGS, COLO 

Sept 2, 1912, one of ns (Muir) was called in to see a boy, J. H , 5 
years old, who had been ailing for about ten weeks and who was under 
medical treatment for indigestion and obstinate constipation for about 
five weeks of that time The child was emaciated and anemic Very 
striking symptoms were the constant and pronounced twitching of the 
eyelids and other nervous movements He gritted his teeth m his sleep 
at times, and made convulsive movements of the limbs When awake he 
complained of pain m the limbs ,and of headache The emaciation 
seemed to be due to the fact that the boy had for some time vomited 
almost everything he ate The breath was very bad, “worse than rotten 
eggs,” according to his parents 

On the basis of the neivous and digestive disturbance and the general 
debility, a diagnosis of worm infestation was made The mother was 
told to call and get some medicine, but instead of doing so she bought a 
bottle of a proprietary worm remedy, on the advice of a neighbor, and 
gave the child a dose, according to the directions, at noon of September 
3 The stool was passed at evening into the slop jar which was m regular 
use The jar had been linsed with city water from the hydrant m the 
morning and allowed to dry during the day There is no water on the 
place except that of the Colorado Springs water system, available at a 
hydrant m the yard and a sink tap m the house On looking at the 
stool immediately after its passage, the boy noticed a strange object mov- 
ing around m it and called the father and mother to see it They found 
the object wngglmg around vigorously m the feces and urine, and 
attempting at times to climb up the sides of the jar The specimen was 
removed and put m water, in which it thrashed aTound for a time, and 
was then put m alcohol, m which it shriveled considerably, according to 
the mother and father The specimen was turned over to Muir, who 
referred it to Dr Trossbach of Colorado Springs It was sent by him to 
Mr W W Cort of Colorado College, who referred it to Hall, then m 
Colorado Springs on government field work, for identification 

The specimen is one of the “rat-tailed larvae,” a larva of one of the 
family Syrplndae of the order Diptera, or flies The mother states that 

’Submitted for publication in The Archives Dec 6, 1912 
’From tlie U S Bureau of Animal Industry, Washington, D C 
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the laita w as onginally y ellow i^li with ilnee blown stripe*, but when it 
came into 0111 hands it was black o\ei the entile bod) except for a little 
browmisli colonng on the “(ail ’ The antenoi ]>ait, 01 bod) pioper, is 
1 55 cm long, while the “tail’' i* 1 G5 cm long, a total length of 3 2 cm 
This “tail” i«? ically the bieaihing tube of the animal These lanae lne 
m soft mud, wet mamne, piiwcs and olhei places where theie is plenty 
of sutTieientl) moist food, and the “tail ’ is a ‘-tigmatic tube which is held 
piojected upwaid at the angle nece**an to keep the tip abo\e the wet 
matenal m which the lane lne=. theieb) enabling it to bung down a 
supply of ail foi bieathing 

Williston (1SSG) m bis s)no])sis of the Xoith Aniciican Syiplndac, 
descnbes the lanae as follow-s 

The lanae aie usunlh not aoi\ clongilo, with firm, sometimes tough shin, 
the head segments small and extensile Like the othrr families of the Cyclonapha, 
the lanae of Ryiphuluc do not ha\e a distincth diflcientinted head Hie external 
mouth parts nic eilliei wliolh wanting with onh e e 0 fl f!esh\ opening, or there 
arc two oi four outwardly directed booklets 'J here aie also short small, one or 
two jointed flesln antennae Hie bod\ is smooth or pronded with soft, conical 
piojections and hustles ,1 below usunlh with so\cn pairs of abdominal feet At the 
posterioi end, the bod\ tei ninnies in a more or less elongate tube, single or 
double — the stigmata Tins sometimes forms a short, almost chitimml, tubercular 
projection on the doisal part of the last segment, at othei times it is \cn long, 
longer than the bodi slendci, composed of two joints, the one sliding within 
the othei, like the joints of a telescope It is novel di\ nncate, oi forked at the tip, 
as in many of the othei tailed Inn no in the allied families 

Supposed cases of gastne oi intestinal myiasis should alwa)S be 
given very caieful consideration and imestigation Oui actual knowdedge 
of the subject is limited To wdiat extent tanous dipterous laivae, com- 
monly oecumng as f ice-living tonus, can suivne the digestive processes 
of the alimentaiy canal and pass out m the feces undigested and even 
alive and uninjured, is something of which we have too little mfoimation 
How r long such larvae could peisist in the alimentaiy canal, deiivmg 
their nourishment from the digested food of the host, and then air supply 
from the ingested atmosphenc an, can not yet be said We may surmise, 
and plenty of surmising has been done, but the fine field foi experimental 
investigation which the subject affoids is untouched except foi such few r 
records as those of Alessandnm (1709), who has fed the cheese skipper, 
Ptophila casei, to dogs and finds that it passes tlnough the digestive tlact 
alive and unmjuied, causing intestinal lesions m the dog Even the 
mfoimation which would be furnished by the publication of carefull) 
investigated cases is to a laige extent, lacking Banks (1912) quotes 
Walsh as follows 

Taking eveij tiling into consideiation, we doubt whether, out of ten thousand 
cases vdiere the laivae of two winged flies have existed m considerable numbers 
m the human intestines, more than one single case has been recorded m print foi 
the edification of the W'oild by competent entomological autlionty 
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Iii addition to our lack of adequate knowledge of the possibility of 
facultative parasitism on the paTt of various fly larvae, there is the 
certainty of error m some cases, due to deliberate fraud on the part of 
hysteiical patients 01 to accidental contamination of the stool So many 
things are sent to specialists foi identification as parasites, which prove 
to he free-living forms incapable of parasitic modes of life, that anything 
other than an obligate parasite demands a careful investigation When a 
farmer states that he defecated m or near the stable and found worms m 
the stool, and the worms prove to be "rat-tailed larvae,” it is much more 
likely that the larvae were alieady m the manure at the place of defeca- 
tion than that they were actually passed And even when such larvae 
are found m the slop jar where the jar has been rinsed with water from 
an open spring, the possibility of the larvae having been m the spring 
and having remained m the jai after rinsing must bring the find under 
suspicion 

Dr Albert Ilassall of the Bureau of Animal Industry has related to 
one of us (Hall) an instance which indicates the need of care m passing 
on cases of myiasis He states that on one occasion he saw a slop jar, 
kept m a privy during the day and only bi ought m for use at night, with 
a larva of Enstahs hanging over it, just ready to drop, while it was m 
the privy Had the larva fallen unobserved and been found at the 
appropriate time, it would have been ample evidence to most persons that 
it had been passed into the jar by the persons using it 
Of myiasis m general. Banks (1912) says 

Tlieie is a considerable numbei of flies whose larvae either legularly or occa- 
sionally live in substances used by man as food The gieat majority pass thiough 
the intestinal tract without our knowledge, for most of them cause little or no 
trouble But sometimes with patients m hospitals or asylums, or m private 
piactice, the physician discovers these maggots, and often suspects them of 
causing the malady or weakness of his patient 

Many such specimens have been sent to entomologists, but owing to the fact 
that no one had studied these forms, their characters were little understood, and 
the identifications have not been of much value Most of these larvae belong to a 
few closely related families of flies that nere formerly covered by the name 
Musovlae The arrangement of the flies has been the subject of much diverse 
opinion, while the knowledge of the larvae is very fragmentary 

When we consider that these dipterous larvae occur in decaying fruits and 
vegetables and on fresh and cooked meats, that the blow-fly, for evample, will 
deposit on meats m a pantry, that other maggots occur m cheese, oleomargarm, 
etc , and that pies and puddings m restaurants are accessible and suitable to them, 
it can i eadily be seen that a great number of these maggots must be swallowed by 
persons each year, and mostly without any serious consequences Besides these 
there are the fruit flies, whose larvae live m apples, cherries, gooseberries and 
oranges, and the pomace flies that hover aiound grapes, pears, and other fruits 

So far as we have been able to locate it, the literature relating to the 
subject of mjiasis due to larvae of the Syipludae, is as follows 

Odlielius (1789) recoids a case from Carlstad, Sweden, m which fly 
laivae, determined as those of Musca pendula , were claimed by Dr 
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Flanck of that place to lme been passed by a 17-) ear-old gill patient 
The patient had been m good health until tlnee jeais previous, and then 
became sickly, complaining of se^re pain m the stomach, of giddiness 
and headache, inflammation of the tlnoai, and such gieat MeakneFs that 
she was often compelled to go to bed In the summei of 1787 she had 
to have medical tieatment At that time mineial waters veie prescribed, 
jalap, aloes and calomel neie admimsteied, and as a result these larvae 
were dislodged and the patient letumed to her formei health after some 
weeks The patient’s diet pievious to the time she became sick consisted 
largely of milk, and included occasionally soui curdled milk from the 
country She was teiy fond of cheese rind or the outer pait of cheese 
Odhelius suspects that the patient became infested by ingesting eggs laid 
by the fly either m the cieam on the soui milk or on the surface of the 
cheese 

Joseph (1887) notes this case and paienthetically notes that the 
laivae were probably Tlomolomyia cantculans, but since Odhelius specifies 
them as rat-tailed lanae tlieie seems to be little warrant for Joseph’s 
assumption It seems piobable that this is the case refeired to by Gilbert 
(1908) as a record of Eristahs pcndulus, by Biumpt (1910) as one of 
Heloplnlus pendulums, and by Gedoelst (1911) as one of Tubifera 
pendula It appeals fiom Coquillet (1910) that the conect name is 
Heloplnlus pendulus , the type species of Heloplnlus being Musca pendula 
According to the same authoi lty, Eristahs, type Musca- tenau, is merely 
a synonym of Tubifcia, but m a paper of this soit we have thought it 
better to adhere to the commoner and moie generally used name 

Wagner (1870) records a case of infestation with E aibustoium 
One of four to six specimens was sent to him by Dr Kind and the adult 
fly was bred and determined by him The larvae weie passed, following 
a dose of rhubarb, by a woman who imagined she had woims Dr Kind 
had carefully examined the feces of the patient every day since the 
beginning of March, the larvae being passed on March 10, and had also 
made such careful examination of the othei circumstances m the case as 
to leave no doubt as to the origin of the larvae The cucumstance which 
makes the finding especially plausible is that only an occasional pupa, and 
never a larva, survives the winter The previous winter had been very 
■severe and he surmises that it would require some explaining to clear up 
the question as to where this larva had come from at the beginning of 
March if this was not a good case of myiasis Wagner points out that 
the conditions m the digestive tract simulate closely the ones m which 
the larva lives in Nature , that there is plenty of air, warmth and food, 
and even such mephitic gases as those with which the larva is usually 
surrounded He is of the opinion that probably the larvae were located 
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m the stomach after the habit of Gastroplnlus , rather than m the 
intestine He notes that he has not infrequently found ram water drain- 
ing from compost heaps into inadequately protected springs, and con- 
siders it very probable that Ensiahs eggs from compost heaps and the 
like would be ingested m drinking water 

Brumpt (1910) has erroneously referred this case to Joseph (1887). 
Joseph merely quotes Wagner’s case 

Leidy (1874) has the following note. 

Prof Leidy * * * remarked that Dr Keyser, of this city [Philadelphia], 

the evening previously had brought to him for examination a worm, which was 
stated to have been removed from the cavity of the nose of a patient He recog- 
nized the worm as a rat-tailed larva apparently of the genus Eristalis, and 
inquired of those members interested in entomology, if they had ever known this 
insect to be found as a parasite m the human body Both Drs Le Conte and Horn 
said that they had never heard of this genus being parasitic 

Riley (1890) notes “the sending of Eristalis dimidmtus m the larva 
state by Dr J. W Compton, of Evansville, Ind , who stated that they 
were passed from the bowels of a young woman,” and “the recent sending 
of larvae of Ei istalis tenax by Dr J A Lmtner, to whom they had been 
sent as having been found under similar circumstances ” 

Riley and Howard (1890) quote the following from a letter from Dr. 
Erontis, of Johnston, S C 

I send by mail to-day a specimen of a small worm that infests a well at this 
place Ordinary cleaning of the well does not get rid of them, but they are 
quickly redeveloped, so that one bucket of water w ill frequently contain three or 
four As a matter of course the water is not used for drinking purposes, but the 
propnetoi would like to use it and be freed from these pests 

A similar case is noted in the files of the TJ S Bureau of Entomology 
of specimens received from Lime Rock, R I , m December, 1894, with a 
report that there were millions, apparently all dead, m a well 

The “worms” m both cases were determined as Enstalis , probably 
E. tenant This, of course, indicates at once one source of h um an 
infestation 

Shattock (1908) has an observation on the larvae of Eristalis 
tena^, three specimens of which were sent in from Totten, Hants (Eng- 
land), with the statement that twenty or thirty had been passed at one 
time and some others singly aftei a few days’ interval “Eull doses of 
santonin, and of mercury, and othei intestinal antiseptics had been 
given ” The collector, Mi H McQuade, writes “There is not the 
smallest doubt but the specimens were passed by the bowel, the whole 
length of time they were observed was about four weeks, and none have 
been seen since those which I sent were passed” The patient had 
recently arrived from France, where she had eaten a good deal of water- 
cress In comment, Shattock says* 
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In tlic pic^enl case tlic o\a -were most piobablv taken In the patient concealed 
in vvatei crc^s and subsequent!} undeivvent development into lanae in the mtes 
tinal canal When i( is 1 emeinhci ul that sewers constitute one of the habitats 
of the lanae tlicie is nothing suipiising in the prc'-cnco of the lattei in the con- 
tents of the intestine flic owgen foi lespuuhon during thru development would 
he fuinished one must believe, bv the air naturallv swallowed 

McCampbell and Coipei ( 3000 ) lcpoil a mixed infection with Mmca 
domestica , Anihomi/ta tamculans and Enslah s icnai, and ^aj of tlie 
last-named “Cases of myiasis with Emialn icnai lanae aie extremely 
laie No eases aie iccoided in which aecuiate data me given It is the 
laiest of the tlnee species eonsideied in this lepoit ’ Then critical 
study of then ca^e n not convincing and cuch I 13 pothetical explanations 
of the abundance of lanae as due to the lepioduction of the lanae within 
the intestine, 01 the development of ihe adult 11 3 and subsequent oviposi- 
tion m the intestine, are quite at vanance with known facts They state 
that catliaitics and apenents have failed to eliminate the lanae In this 
connection it may be noted that in 0111 case an anthelmintic seems to 
have been satisfactory 

From the geneial statements of Biumpt (3010) and GedoeM (1031) 
one would infer that the lanae of Ewialn dvnuhatus and of Tlcloplnhis 
pendnlm have been obseivcd in seveial cases but we aie unable to locate 
any published recoids otliei than those given heie 

Gilbert (1908) says of the Syiplndac 

But few cases aie recoided of infection hv Inivae of tins familj and these all 
by larvae of the genus Enstahs, which are found m decaving vegetables and 
fruits, and in decaying oiganic matter of all kinds, or in vvatei saturated with 
organic lemams The following species aie icportcd to have been passed from 
the bowels, hut no definite lnstorj of the inannei of infection or of the duration 
of their parasitic existence is given Eristahs dvmchalus, Eristahs lenax, Enstahs 
arbustorum, Enstahs pctululus 

Banks (1912) says 

There are other flies whose laivae are sometimes reported as swallowed by 
persons, particularly the rat-tailed larvae of Enstahs, which sometimes gets into 
drinking vvatei 

In the Bureau of Animal Industry collection of parasites there is a 
specimen of Enstahs larva collected m Portland, Me , m 1899, and said 
to have been passed by man There is no further information m regard 
to the case There are also eight Enstahs larvae sent m from Laurel, 
Md , m 1909, with the statement that they were passed m a jelly- like 
substance from the vagina of cattle In correspondence lelative to these 
specimens, Dr B H Eansom suggests to the sender 

Probably a diseased condition of the organ m which you found these larvae 
created an odor which attracted the flies to this particular place with the result 
that they have deposited their young m the unusual location 
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Through the courtesy of Dr L 0 Howard and Mi R S Clifton, of 
the U S Bureau of Entomology, we note the following records from the 
files of the bureau 

A laival specimen of Ensiahs sp was received from a physician m Adell, 
Wis , in Septembei , 1910, with the repoit that it was passed by a patient 

A similai specimen was sent m fiom Syracuse, N Y , m October, 1906, with 
a statement that it was supposed to have been vomited by a woman suffering 
from vomiting of piegnancy 

A larva of Enstahs sp oi Heloplnlas sp was sent m from Bessemer, Ala , m 
October, 1905, with a statement that twenty-four of them had been passed by a 
colored child 19 months old after severe intestinal irritation 

Another laiva of Eristahs sp or Eeloplnlus sp was sent m from Pittsburgh 
m October, 1905, with the repoit that it was taken alive from the stool of a man 
who had just returned from a hunting trip and who had drunk stagnant watei 
on the ti ip 

It appears to be customary to refer most cases of rat-tailed larvae to 
Enstahs tenax An examination of the available entomological literature 
does not furnish us with an adequate description of the larvae of the 
various species of Enstahs, and in fact indicates that these, like many 
other of the Diptera larvae, are not well known The very useful paper 
on diptera larvae by Banks (1912) unfortunately does not deal with the 
Syipludae The fact that E tenax is very common and widely distrib- 
uted is possibly the warrant for many of these identifications. Eor our- 
selves we are unable to identify our specimen closer than to say that it is 
a larva of Ei istalis, and possibly of E tenax for the reason given* — that 
this is a common species 

The mother of the boy from whom oui specimen was obtained states 
that a second larva was passed the morning after the first, but that it was 
dead, and as it was injured m getting it from the feces it was thrown 
away Two days later a third specimen was passed and was kept This 
was later turned over to us and proved to be a curd of some sort, a 
spurious paiasite supeificially resembling the first It is possible that 
the second specimen, which was thrown away, was something similar 

Since the passage of the first larva the child has improved m health 
considerably and his appearance is now that of the normal healthy child 
The nervous symptoms have disappeared and the persistent vomiting has 
ceased Food is retained and digested, and the breath is no longer 
unpleasant 

The boy has lived m Colorado Springs for four years, so that the 
infestation, if genuine, must be referred to this place He had been 
ailing for several weeks, becoming worse July 28, 1912 The previous 
evening he had eaten some peaches which his mother says were over-ripe 
The day following the eatmg of the peaches the boy did not feel well and 
asked to be taken foi a cai ride to Stratton Park, an outly in g city park 
On the way out he lonnted repeatedly, and as the vomiting continued 
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aftei they ai rived at the paik, they letuined home Fiom that time the 
lomitmg peisisted, accompanied by an obstinate constipation and loss 
of •weight, until the passage of the lai va 

Not far fiom the house, peihaps 150 yaids away, is an migation ditch 
which has i mining watei m it part of the time and standing pools of 
vratei when the headgate is shut Quite a little hash and refuse, includ- 
ing kitchen infuse, i often vegetables, and men dead animals, aie dumped 
m this ditch by careless persons. The boy and his companions play m 
this ditch and the boy says he has drunk of the water m the ditch He 
also plays around a neighbors stable and during the \ery rainy July of 
this year the stable manure would ha\e afforded an excellent place for 
the breeding of lat-tailed lanae 

Tlieie aie, then, thiee apparent chances for infection — the stable, the 
ditch and the ovei-npe peaches The onset of the vomiting following 
the eating of the peaches points to them as a possible souice “Overripe” 
is, of couise, meiely anothei word for decaying, and these larvae live in 
decaying vegetable matter among other things The fact that the boi 
had been ailing befoie eating the peaches, suggests that the infestation 
antedates the eating of the peaches The ditch is another likely source 
of infestation, as a larva bleeding m the soft mud of the pools may haie 
been ingested by* the boy m water* fiom the pools 01 m the muddy ditch 
water as the laiva was swept along by the ennent There is no obvious 
way m which the boy would get the lan a fiom the stable except by 
eating it While we do not think this likely, it is a possibility that must 
be kept in mind Cases of children who have deliberately eaten insects 
and their larvae are by no means unknow n 

As intimated eailiei m this papei, there are thiee possibilities as to 
the truth or falsity of this case as one of myiasis Either there was 
delibeiate fiaud on the part of the child or its parents, or the stool was 
contaminated, or the case is a genuine example of gastric 01 intestinal 
myiasis 

All the evidence is against the idea of fraud The paients appear to 
be rational, sensible and respectable people They are hard-working 
persons with no evidence of hysterical tendencies or nervous disorders 
They had looked on the specimen as an intestinal worm and were inclined 
to be incredulous when told that it was a larva or maggot, they had 
never seen maggots with “tails” before and volunteered that they would 
look for them after this They further exhibited an astonishment that 
was not simulated when told that other cases of the sort had been 
leported, so they were not imitating other cases ISTo attempt was made 
to advertise the find or to excite surprise or sympathy with it They 
had looked on it as a banal case of “worms ” We consider it out of the 
question that either of them should have deliberately put the larva m 
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the slop jar The preservation of the third specimen, a spnnous parasite, 
argues against the idea At the time the boy defecated, the entire family 
was undressed ready for bed, a thing which eliminates the idea of the 
boy’s deliberately contributing the specimen at that time There is no 
reason to suspect the boy of such a thing, and no likelihood that a 
5-yeai-old child could successfully, or would, carry around a large, 
violently wriggling larva for the purpose of fooling anyone m this way 
It is extremely unlikely that he would do so during the afternoon and 
out of the question that he could do so when undressed and ready for bed 
The possibility of contamination of the stool, so far as we can see, is 
entirely a question of whether the larva was bred m or washed into the 
Colorado Springs water system, passed its screens, survived the pressure, 
entered the slop jar when it was washed and rinsed out m the morning, 
remained there all day, alive and unnoticed, after the jar dried, as it 
very quickly would m the dry air of Colorado Springs — the actual atmos- 
pheric humidity being low even on rainy days — and was then found after 
defecation This seems very unlikely and even, m our opinion, out of 
the question The water supply of Colorado Sprmgs comes from deep 
alpine lakes, down a mountain stream, then through pipes to deep 
reservoirs on a high mesa, and then through pipes to the city Hone of 
these would serve as breeding places foi these larvae, and larvae which 
might wash into any of them — an unlikely thing of itself — would be 
drowned long before reaching the patient’s residence Moreover, to 
suppose that such an extremely rare thing as a rat-tailed larva m the 
city water system could perform the practically impossible feat of coming 
through that system alive and would show up at precisely the right time 
following the taking of a veimifuge at a particular residence, is to strain 
even the very common credulity which people manifest m regard to 
coincidences as explanations of unusual things 

While we have no such conclusive evidence as would be afforded by a 
case where the slop jar had actually been examined by a competent and 
skeptical person just before defecation, nevertheless, it seems more reason- 
able to regard this case as one of gastric or intestinal myiasis than as one 
of fraud or contamination The child had three good possible sources 
of infection and, by his own admission, habits that could easily lead to 
infection Carelessness m eating and drinking is more or less character- 
istic of children Flies of the family Syrphidae are abundant around the 
streets of Colorado Springs, and the following adult flies were collected 
theie or nearby by Hall and Mr Horace Eagle, of Colorado Springs, 
dunng the summer of 1912 and determined by Mr Frederick Knab, of 
the H S National Museum Enstalis Unax, E lurtus , Syrplms sp , and 
Enpeodcs voluciis The relief after the passage of the larva is additional 
evidence and there is no possibility that the child was malingering Five- 
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INTRODUCTION 

Waller/ m 1888, Mas the first to demonstiate that the action currents 
ansing from the heart muscle during its contraction Mere conducted out 
to the peripheral tissues in sufficient strength to be detected by leading 
off from the limbs to an electrometer It Mas not, howe\ei, until the 
improvement and adaptation to physiological M’ork of the thread galvan- 
ometer by Emthoven/ m 1903, that any considerable intei est m this 
matter was moused In the nine years since Emtho\en’s first publication, 
a very laige and lapidly increasing hteiature on the subject of the 
electrocardiogram has appeared, and gieat interest has deteloped as a 
lesult of its eudent clinical and physiological impoitance Notwith- 
standmg the great amount of woik that has been done, the various 
M r orkers m this field aie by no means agieed as to the interpretation of 
the normal electrocardiogram, and as a result, the interpretation of those 
departuies from the normal that occur m cardiac disease, as well as the 
significance of the noimal electrocardiographic curve m reference to the 
normal course of the cardiac impulse over the heart, has been largely 
influenced by the point of view held by the individual investigator 
Up to the present time the usefulness of the electiocardiogram fiom 
the clinical standpoint has been principally evident in the analysis of two 
classes of abnormal cardiac conditions, fiist, the heart arhythmias, 
including under this the disturbances arising from depiessed conductivity 
as well as those arising from ectopic impulse formation, and second, the 
condition and activity of the auricles (aunculai hypei trophy, auricular 
fibrillation, etc ) In these two classes of conditions the electrocardi- 
ogram has only certain technical advantages over the venous and esopha- 
geal pulse tracings 

In a third group of cases however, of great importance clinically and 
to which m its present development at least the venous pulse is not 
applicable as a means of study, namely, the functional activity of the 

*From the Physiological Laboratory, University of Wisconsin 
^Submitted for publication m The Archives Nov 27, 1912 

1 Waller Philosoph Tr Royal Soc 1888, 178B, 215 

2 Emthoven Ann dei Physik , 1903, xii, 1059 
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ventucles, the electrocardiogram has yielded lesults which are to a con- 
siderable degree interpreted differently by different investigators This 
is mainly due, it would seem, to the marked differences m interpretation 
of that portion of the normal electrocardiogram which represents ven- 
tricular activity (the Q, R, S and T waves of Emthoven) It is the pur- 
pose of the present paper to present certain facts from the literature and 
certain experimental observations of our own, which, while bearing on the 
interpretation of the electrocardiogram as a whole, have particular refer- 
ence to the ventricular portion 

HISTORICAL REVIEW 

An attempt at a complete review of the development of the electro- 
cardiogram and the immense amount of clinical and experimental work 
of this subject would be beyond the scope of this paper Reference will 
be made only to articles which bear directly or indirectly on the inter- 
pretation of its features as applied to the course of the cardiac impulse 
and the contraction of the different parts of the heart An extensive 
review of the literature up to 1910 is given m the monograph of Kraus 
and Nicolai 3 

The normal electrocardiogram, as described by Emthoven, 4 shows 
always at least three waves, all usually in the same direction. If the leads 
to the galvanometer are so arranged that a movement upward of the 
thread on the record occurs with relative negativity of the electrode m 
contact with that portion of the body more directly connected with the 
base of the heart, all of these three waves are m the upward direction. 
The three waves, according to the nomenclature of Emthoven, are desig- 
nated P, R and T With certain leads, T may be directed downward, and 
this wave may change its direction independently of the other waves m 
appaiently normal beating hearts. Aside from these waves, two downward- 
dnected waves may occur The first of these (the Q wave of Emthoven) 
immediately precedes the R It is quite infrequent and is regarded by 
Kraus and Nicolai 3 as abnormal The second downward wave (the S 
wave of Emthoven) follows at once on the R It is present m the elec- 
trocardiograms fiom adults m about one-third of all cases In electro- 
cardiograms from children it is always present and its frequency and size 
decrease with age (Kraus and Nicolai 5 ) Finally, there are two parts of 
the curve which are described as having a horizontal course indicating 
equal potential of base and apex of the heart, one between the P and Q 
(or R) waves, the other between the R (or S) and T waves 

3 Kraus and Nicolai Das Elektrokardiogram des Gesunden und Kranken 
Mensclien, Leipzig, 1910 

4 Emthoven Arch mternat de physiol, 1906, iv, 132, Arch f d ges 

Physiol , 1908, cxxn, 517 ' 

5 Kraus and Nicolai Berl klin Wchnschr , 1907, lsiv, 765 and 811 
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In his hist publication Einthoven n ‘•cubed the P and Q waves to the 

contraction of the amide**, the K, S and f i' waves to ventricular systole 

Latei work by Emthoven and otliei*' ha« shown tlmt only the P wave of 

the noimal electiocaidiogiam can be a*-cijbcd to the amide The P wave 

is the only wave pie^ent when the amide alone contracts (Emthoven, 

Kiaus and Nicolai) It is enlaigod in amiculai In pei trophy and absent 

m the absence of amiculai eonli action The woik of Samo-)lofi° and of 

Iviaus and Nicolai 3 tend to show that the P wave of the electiocaidiogiain 

is the fiist pait ot a diphasic vaiiation winch is eudent m its entnot) 

when the leads to the gahanomeici aie ftoni the exposed amide and not 

fiom the sui face of the body 

*/ 

In the mtei pi etat ion of the gioup oi waves which piecede 01 accom- 
pany the fust pait of vcntiieulai ‘•3‘dolc (Q, P and S), the views which 
liaie had wide-t acceptance aie tho^e of Emthoven and of Iviaus and 
Nicolai Accoidmg to Emthoven, 1 the hon/ontal poition of the electro- 
caidiogiam following the amiculai wa\c (P) and Ivmg between this 
w r ave and the fiist ventuculai wave, iepie c ents the time nece^aiy foi the 
impulse to pass tlnough the Ills bundle and its vnnous lamifications, 
where physiological connection is made with the ventnculai musculatuie 
During this time the galvanometer shows no movement, because both 
amides and ventucles aie at lest and the coniiaction wave tlnough the 
connecting bundle is so weak as to cause piacticall) no difteience in 
potential Emthoven evidently legal ds the passage of the impulse 
tlnough the bundle to be associated with a weak conti action 7 The next 
movement of the galvanometei lluead does not occui, therefoie, until 
the impulse has leached the ventncular musculature The extensive 
branchings and connections of the auiieulo-ventiiculai bundle, as shown 
by the work of Tavvaia, 8 cnsuie that the excitation passing downwaid 
fiom the auncles leaches the ventiicle, not meiely at the base or apex, 
but ovei a large suifacc of ventucular musculature With the passage of 
the excitation into the ventiicle the complex Q, E S occuis If the 
impulse first leaches the poitions of the ventricles lying towaid the apex, 
the apex of the heoit show r s lelative negativity to the base, and the down- 
ward directed Q w r aie occurs If other poitions of the ventucles tying 
neaier the base (particularly the right ventricular base) first receive the 

G Samojloff Beitr 7 Physiol u Pathol , Festschr f Hermann, 1908, p 171, 
Samxnl anat u physiol Vortr u Aufsatze Hrgb von Gaupp und Nagel, 1909, 
1-5 

7 “Wphrend dieser Zeit selneibt das Saitenluld des galvanometei s eme 
honzontale Lime Vorkammern und Knmmern hefinden sich m Ruhe, und die 
durcli das Verbmdungsbundel fortschreitende Ivontraktionswelle 1 st an und fui 
sieh 7u schwacli um bei der fur die Registrieiung eines zweekmnssigen Elektro- 
kaidiograms erforderliclien starken Spannung einen merkbaren Ausselilag des ; 
Galvanometers zu eizielen ” 

8 Tawara Das Reizleitungssystem des Saugetierherzens, Jena, 190G 
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impulse, the Q wave is absent The R wave repiesents the spiead of the 
excitation to and the contraction of the light ventricle and more basal 
Ivmg regions When S is present, it is an expiession of the fact that the 
left vcntncle and more apical legions of the heait soon show a pre- 
dominant activity over the base and the apex thus becomes relatively 
electronegative to the base 

The second point of view, developed by Kraus and Hicolai , 3 rests on 
the well-known division of the ventricular musculature into the papillary 
system, the circular musculature (Treibwerk) and the outer spiral fibers 
(Kicolai 9 ), the first two being m connection by the so-called mtramuial 
fibers Following the contraction of the auricles the impulse passes ovei 
the His bundle and those stiuctures functionally connected with it The 
slow conduction m the bundle explains the long interval between the P 
and It (or S) waves, and no action eunent of any importance occurs at 
this time because of the small size of the muscular mass After this 
interval the basal portions of the papillary system normally first receive 
the excitation and as an expiession of this the curve rises sharply to foim 
the R wave The excitation now spiead s toward the apex and the R wave 
ends This spread of the excitation is largely m a linear direction and 
explains the laige size of the R vave 

The potential differences arising under these circumstances are all m 
the same direction and are cumulative, while when many muscle masses 
parsing m diffeient dnections are the seat of an excitation, the potential 
differences may to a considerable extent or entirely neutralize one another 
The Q wave, when piesent, is an expression of the fact that the excitation 
passes m rhe Purkmje conducting system quite far toward the apex 
befoie it leaches the papillaiy muscles proper This causes relative apical 
negativity foi a shoit penod The papillaiy system includes the papillary 
muscles proper and the internal longitudinal fibers of the ventricles 
Tlnougb the ounculo-ventricular conducting system and its ramifications 
the impulse is distributed to all parts of the papillary system Normally 
the excitation leaches first that pait of the papillary system lying toward 
the base and the tiue papillaiy muscles The base of the ventricle thus 
shows relative negativity, and the R wave lesults without a preceding Q 
uaie The woik of Bering 10 tends to show that the true papillary 
muscles are the first part of the ventucle to entei into contraction Since 
these arise toward the apex of the ventricle, they do not foim a part of 
the ba^al portion of the papillary system and this would seem to be 
opposed to the view of Kraus and Kicolai Relifish 11 notes, however, that 

a Nicolai Vciliaiull d pliysiol Gesellsch ?u Berlin, No-i 22, 1907, Zen- 
trnlbl f Pln^iol 1907 \\i 07S, Handbuch der Physiologie des Menschen Hr"b 
ion Xatrel 1909 i S05 

10 Henna Arch f d ges Phvsiol 1909, exxvi 225 

11 Relifish Deutsch mod Wchnschr , 1910 xxvu 977 and 1035 
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the basal poition of the papillary sj'slem is more or less firmly fixed by 
attachments to the aoitie caitilage and the am leuloi entricular ring. and 
while this part piobably icceivcs the fust blanches fiom the His bundle 
and noimally is the fust pait of the \cnlncle to receive the excitation, 
the fiist part to show movement of sufficient degree to be graphically 
recorded may well be the tiue papillaiy muscle 5 The basal portions of 
the papillaiy system may thus entci fiist into excitation, but due to the 
anatomical aiiangement, show no usible contiaction Kraus and Nicolai 
thus conceive of the excitation as spreading out thiough the nis bundle 
and its lamifications to vinous paiis of the internal longitudinal fibers 
and papillaiy muscles of the ventricle 5 Noimally, it affects the basal 
portions fiist, and hence the fust icnti lculai ua\e (If) is directed 
upward When the excitation leaches the pails of the papillary system 
lying moie towaid the apex of the \entncles, the true papillaiy muscles 
leceive the impulse at their base and it spreads from base to apex of 
these muscles, a couise opposite m direction to that from base to apex of 
the ventncle as a whole This causes a downunid-diiected wave (Q), 
a wave stated b} Kraus and Nicolai to be absent fiom the stnclly normal 
electrocai diogram In such an event, howevei the activit}' of the base 
soon becomes piedommant and the R wave occuis The R wave is com- 
pleted when the excitation spieads out fiom the papillary system through 
the intramural fibers to the cnculai fibers ( Ticibwcil ) of the ventricles 
If the excitation m its spiead from the base reaches, the apical parts of 
the papillary si stem before this occuis, as is usually the case, a short 
period develops m which llieie is relatne negativiti at the apex This is 
expressed as the S wave If, on the other hand, the spread thiough the 
intramural fibers occurs before or simultaneously with the excitation 
reaching the apical parts of the papillary system, the S wave is absent 
It will be seen that considered bioadly, the views of Emthoven and of 
Nicolai m reference to the cause of the Q R and S waves of the electro- 
cardiogram agree quite closely No distinction is made m either between 
the spread of excitation and contraction of the muscle, and it would seem 
that it is really contraction of the different regions which causes the 
development of the electrocardiogram Emthoven even suggested, as we 
have seen, that the spread of the impulse through the aunculoventncular 
bundle is associated with a weak contraction Aceoidmg to both views 
this passage through the bundle and conductive system of the heart pro- 
duces no wave m the electrocardiogram It is only when the largei 
muscle masses of the ventricle ai e affected that any noticeable differences 
m potential arise The two views differ mainly as to exactly what mus- 
cular masses of the ventricles m their activity produce these differences 
m potential Emthoven lays stress particularly on the right ventricular 
base m the production of the R wave, while Nicolai goes into more detail 
m reference to the different layers of muscle of the ventricles 
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Passing now to the remaining portions of the electrocardiogram, the 
horizontal part lying between the R (or S) wave, and the T wave, and 
the T wave itself, both Emthoven and Nicolai explain the former on a 
general and simultaneous contraction of the musculature of both ventri- 
cles, the action currents arising therefrom neutralizing one another so 
that no difference m potential between base and apex is present Nicolai 
lays particular stress on the contraction of the circular fibers (Treib- 
werk) The development of the T wave is explained by Emthoven by 
the right ventricle (paitieularly the basal part) remaining in contraction 
longer than the lemamder of the heart, causing the development of a late 
negativity of the base This view is founded on the experimental work 
of Bayhss and Starling, 12 concerning the course of the excitation over the 
mammalian ventricle These investigators concluded that m the exposed 
dog’s heart the impulse passed from base to apex, and the indication of 
terminal basal negate lty m the electrocardiogram (recorded by the capil- 
lary electrometer fiom the exposed heart) was to be explained by the base 
remaining in negativity after the negativity had subsided at the apex and 
not to a return of the excitation to the base If under abnormal con- 
ditions the contraction ceases m each ventricle simultaneously, as Em- 
thoven supposes to occur m myocardial insufficiency, the T wave is 
entirely absent Kraus and Nicolai, on the other hand, explain the T 
wave as due to a late return of negativity to the base of the heart, a 
region of the base Ivmg especially aiound the aorta and pulmonary artery 
being the last portion of the ventricles to enter into contraction This 
view of the course of the impulse was first suggested by Goteh 13 m 1907, 
and elaborated m more detail in 1909. Gotch conceives the contraction 
of the ventricle as beginning aiound the venous orifices, at the base of 
the ventricle, and spreading to the apex and thence to the arterial bases 
of the ventricles, following in its couise the direction of the primitive 
cardiac tube This work will be considered more fully m a detailed 
discussion as to the course of the T wave later m this paper 

Of other views that have been advanced to explain the normal electro- 
cardiogram, we may next consider the interpretation of Eppmger and 
Rothberger 14 As we have seen, both Emthoven and Nicolai explain the 
electrocardiographic curve as a resultant of the play of antagonistic forces 
of electric potential between base and apex Eppmger and Rothberger 
object to Emthoven’s assumption that the relatively weak right ventricle 
can be regarded as representing, so far as the electrocardiogram is con- 
cerned, the cardiac base, and playing the predominant role m the pro- 
duction of the noimal curve, while the left ventricle with its massive 

12 Bayhss and Starling Internat Monatssehr f Anat u Physiol 1892 
i\- 256 and 276 

13 Gotch Proc Royal Soc, 1907, 79B, 323, ITeart, 1909, i, 235 

14 Eppmger and Rothberger Wien khn Wchnschr , 1909 xxn, 1091 
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basal legion, is actually legal tied as ilie caidiac apex in this scheme 
Eppmgei and Rothbeigei undeisland Nicolai to icgaid the R wave as an 
e\piession of tlic spicad of the stimulus, to conduction of the impulse m 
conti ast to actual conti action, and cite ^evcial facts which they regard as 
opposed to such an mtei pi ctation They state that if R is lefeired to 

conduction alone the internal fiom P to the end of R, -which undei these 
ciicumstances would icpiesent As-Ys conduction, is actually laiger than 
this conduction penod The) find it difficult to understand why the R 
wave is not always diphasic in such conduction m a lineai direction 
between tw f o points and w’lij the conduction of the excitation pioduces 
such a maiked effect (R ware) m the teimmal connections of the com 
ductive system while it pioduces no eflect m its passage thiough the 
bundle and its branches They belieic that the ob c ci\ations of Kalm on 
the time iclation between the R ware and the use of mtiaientricular 
piessme do not suppoit, as they ha\c been supposed to do, Nicolai’s 
mteipretation Kahn m a sei ics of papeis, has studied the time relations 
between the wares of the electiocauliogiam and rauous features that 
occui m the caidiac c)cle TTe found by simultaneous recoids of the 
intiaventiiculai piessme the caiotid pulse and the electiocaidiogiam, 
that the R wave begins before the pressuie m the ventricle uses and is 
completed dining the penod of tension, haling ended b) the time the 
outflow* penod begins 10 Since, accoidmg to Nicolai, the R wmve is due to 
the activity of the papillaiy svstem, it must occui befoie that pait of the 
heait musculatuie which causes a i eduction of the internal capacity of 
the heart becomes active, and this, as we see, Kahn finds to be the case 
Similai relations have been found by Kahn to hold between the beginning 
of the first heait sound and the R wmve 10 Eppmgei and Rotliberger 
criticize those facts as applied m suppoit of Nicolai’s view r , m that they 
believe that the electncal change actually m all cases piecedes the 
mechanical change to which it conesponds, and call attention to the fact 
that Kahn’s curves show that the P wmve of the electi oeardiogram also 
piecedes the rise m the pressure cuive of the light auricle Further moie, 
they state that the conti action of the musculatuie must reach a certain 
point befoie rise of intiaventiiculai piessure begins They cite the 
experiment of Kahn m which he found that in artificial stimulation of 
the ventricle m vagus standstill the action current began 075 seconds 
before the rise of intra\entiiculai pressuie Ileie the contractile sub- 
stance w r as directl) stimulated and yet the mechanical definitely followed 
the electrical response Kahn, 17 m reply to these objections, show r s by a 
series of experiments on the dog’s heart that while the electrical latent 
period of the heart (the time from incidence of stimulus to electrical 

15 Kahn Arch f d ges Physiol , 1909, cxxvi, 197 

16 Kahn Arch f d ges Physiol , 1909, cxxix, 291 

17 Kahn Arch f d ges Physiol, 1910, cxxxn, 209 
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change'} comprises a considerable period of time ( 02 to 03 seconds), the 
difference between the electrical and mechanical response is extiemely 
short, not more than 002 seconds Kahn concludes from this that the 
mechanical contraction of that pait of the heart, the electrical expression 
of which goes to form the B wave, must occnr not later than 002 of a 
second after this wave begins He lepeats his original conclusion as to 
the relation of the B wave to activity m the ventricle and shows that the 
mechanical activity of the anterior wall of the right ventricle begins after 
completion of the B wave The time relations of the rise m pressure in 
the left ventricle, the first heai t sound and the mechanical activity of the 
wall of the right ventucle to the beginning and length of the B wave 
of the electrocardiogi am confirms the view that the B wave is to be 
rcfened to the activity of the papillary system Kahn further states 
that he has nevei committed himself to the view that the B wave is purely 
a conduction phenomenon, but has merely insisted that the activity of 
the cncular fibcus (Tieibweilc) occuis only after the completion of the 
B wave and has nothing to do with the pi oduction of this wave Behfish 11 
calls attention to the fact that Eppmger and Bothberger have really 
mismtei preted Nicolai’s statement m reference to the B wave Nicolai 
does not state that the B is a pure conduction wave, but that it arises 
fiom conduction m and conti action of one of the muscle layers of the 
heart, namely, the papillary system It is extremely difficult to obtain 
fiom Nicolai’s statements the relative parts he regards conduction and 
conti action to play, if indeed he has m mind any sharp distinction 
between the two 

Having found senous objections to the two prevalent theories con- 
cerning the interpretation of the electrocardiogram, Eppmger and Botli- 
beigei piesent another point of view founded on a long series of experi- 
ments m which they attempted to rendei functionless different layers of 
the heait muscle by freezing with ethyl chlond or by the injection of 
meicunc chlond oi silvei nitiate The results from these experiments 
lead them to the conclusion that it is not the play of antagonistic electric 
potentials at the base and apex of the ventncles that produce the eleetro- 
caidiogiam, but that the curve is the resultant of the action currents 
arising from the longitudinal and circular muscle system of the heart 
Activity of the longitudinal musculature causes the galvanometer to give 
an upstioke (when connected so that the B is directed upward), while 
activity of the eneulai fibeis neutralizes this or actually pioduces a down- 
waid movement In othei woi ds, the pi oduction of the electrocardiogram 
does not depend on the resultant of electric conditions developed at base 
and apex of the ventricles from activity of the muscle in these regions, 
as assumed m the theories of Emthoven and of Kraus and Nicolai, but 
whether the curve is up or down depends on whether negativity pre- 
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dominates m the longitudinal 01 eireulai fibeis of the heart Tins con- 
clusion is 1 ounded on the following e\penmental results 

1 Freezing the surface of the ventiicles with a spray of ethyl chlond 
produces no change in the R wave This is true for both ventricles and 
foi base and apex The R wave must aiise, therefore, from some deeper 
stiuctnie than the outer longitudinal layei The T nave becomes smaller 
oi negative on iieezing any pail of the surface of the left ventricle or the 
surface of the apex of the light ventnele Ficezmg the surface of the 
base of the right ventricle, on the othei hand, mci eases the T wave (in a 
positive dnection) Section ‘’hows that the effect of freezing does not 
extend at the greatest to a depth of more than 1 millimeter 

2 Injury to the deeper la) ei s of the left ventricle by injection of 
mercuric chlond oi silver mtiate caused in ccitain eases increase m the 
height of R, abolition of S, if pie c ent, loss of the level period between 
R and T. mciease of the height and duiation of T, and finally fusion of 
R and T to form a large monophase upuaid dnected curve This effect, 
regarded as typical, was observed m tlmteen out of twenty-five cases In 
some cases no effect occurred from the injury, in others, theie was merel) 
an mciease of T and a tendenc) to fusion with R The lesults were the 
same whether the injections were made into the base or the apex of the 
ventricle Injury to the antenoi and posterior papillary muscles pro- 
duced no effect 

3 Injury to the deeper layei s of the right ventricle cause m typical 
cases the appeal ance, oi mciease if already present, of the S wave and 
increase of the T wave The S and T continue to increase, the R wave 
becomes reduced and finally disappears and the curve assumes the form 
characteristic of an exti a-systole of the left ventricle That it is not, 
however, an extra-systole oi the left ventricle is shown by the presence of 
a P wave In some cases the R is reduced, the T increased and S is 
unaffected, but usually the essential change is the appearance or increase 
of an already present S wave It is suggested that the different effects 
observed may be due to differences m the seat of mjuiy, particularly as 
to whether the auriculai or pulmonic regions aie affected, but the experi- 
ments are not sufficient to demonstrate this 

4 Injury to the interventricular septum causes the same effect as 
injury to the deep layers of the left ventricle, unless the lesion reaches 
the muscles lying just beneath the endocardium, when the result is the 
same as that following injury to the right ventricle 

Eppmger and Rothberger cite the anatomical researches of Krehl and 
others as showing that while the middle oi circular layer of fibers ( Treib - 
werk) of the right ventricle is very poorly developed, it forms the greatei 
mass of musculature of the left ventricle The longitudinal fibers, on 
the other hand, are well developed m both ventricles They believe, 
therefore, that any effect produced by injury to the deeper layers of the 
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left ventricle can be referred mainly at least, to the circular fibers 
Injury to these causes an mciease m the whole electrocardiogi am m an 
upward direction, while injury to the right ventricle or internal longi- 
tudinal layers of the septum or left ventricle causes the opposite effect 
The antagonistic forces at work m the production of the electrocardi- 
ogram may thus be regarded as the circular and longitudinal muscular 
systems The former m its activity tends to cause the electrocardi- 
ographic curve to descend, the latter acts m the opposite direction The 
normal electrocardiogram represents the resultant of these two When 
one set of fibers is injured, the action of the other preponderates and a 
corresponding change m the euive occurs 

Eppmger and Rothberger’s detailed explanation of the electrocardi- 
ogram is as follows The R wave is an expression of the unopposed 
action of the internal longitudinal fibers and corresponds therefore to 
the onset of systole of the ventricles The remainder of the electrocardi- 
ogram is the resultant of the action of two forces The activity of the 
cncular fibers may predominate foi a short time to form an S wave The 
level part of the curve between S (or R) and T represents a complete 
antagonism of the two systems They make no definite statements m 
leference to the formation of the T wave The observation of Emthoven 
that m man hypertrophy of the left ventricle is frequently associated 
with a negative R, while m hypertrophy of the right ventricle the R is 
increased m a positive direction, seemed to support his view that the base 
of the heart, so far as concerns the production of the electrocardiogram, 
is represented by the right ventricle and it is the activity of this which 
normally causes the R wave Eppmger and Rothberger note that the 
same fact may be well explained on their interpretation, since m left 
ventncular hypertrophy the increase is almost entirely m the circular 
fibers, while m right ventncular hypertrophy it is the longitudinal 
system which is increased 

In a later papei, Eppmger and Rothbergei 18 study the effect on the 
electi ocardiogram of dogs of cuttmg away the whole of either the right 
01 the left ventricle Complete removal of the left ventricle causes the 
normal electrocaidiogram to be replaced by a large upward-directed 
monophasic curve, which persists until stoppage of the heart (usually m 
about five minutes) The first effect of removal of the right ventricle is 
a reduction of the R and a gieat increase m the S wave, but before 
complete stoppage of the heart the curve assumes a fairly clo^e resem- 
blance to the normal electrocardiogram The R wave is small, the T very 
large It would appear, therefore, that the left ventricle alone can give 
an approximately normal electrocardiogram, while the right ventricle 
alone cannot Since the left ventricle contams both longitudinal and 

IS Eppmger and Rothberger. Zentralbl f Physiol , 1911, xxiv, 1053 



214 


THE ARCHIVES OF /A TERRA L MEDICI RE 


cuculai musculatuie, a\ hile the ugh! lentiicle contains icry few if any 
cnculai fibeis, these icsulls seem to beni out the mteipietation based on 
their carliei vork 

Eppmger and Rothbeigei thus assign all the waies of the electro- 
caidiogiam, moie definitely peihaps than eithei Emthoien or Eieolai, 
to musculai contiaction. The accuiac} of their c\penments and the 
value of the conclusions domed fiom them uould seem to depend largely 
on the exactness of localization of the methods employed foi producing 
loss of function in the ditlerent muscle layers The mjuiy done was 
appaiently deteimined as fai as possible by post-mortem examination* 
It must be noted that the expeiimental lesuli* ueie In no means umfoim 
and many deparluies fiom the i exults the} regaided as typical oecuiied 
These nwj be peilnps explained as they suggest, b} injur} to more than 
one layei The heart of the fiog and tortone, as shown b} Samojloff , 19 
Stiaub , 20 and Gotch, 1J gnes an electiocaidiogiam m e\eiy nay similai 
to that of the mammal We ha\e been unable to find m the literatuie any 
full description of the musculai la}eis of the cold-blooded heart 01 any 
study as to the possible ditfeientiation into longitudinal and circulai 
fibeis It is impossible, thcrefoie, to ‘•ay at pie*ent uhcthei the similarity 
of the electrocaidiogram of cold-blooded animals and mammals is opposed 
to the theory of Eppmgei and Eothbergei The} suggest that this 
similai lty is be*i explained on a similar anatomical anangement of the 
cardiac museulatuie m the cold-blooded animal and the mammal 

Ei om results obtained by the action of digitalis on the dog’s heait in 
situ, Selemn 21 mterpiets the electiocaidiogiam as the lesultant of the 
inteifeience of the electucal waies arising tiom the light and left 
ventricles lespeetively The ground elements aie the diphasic waves of 
the two ventricles, such as occui m chaiactenstic and unmodified form 
m extra-systoles of these chambeis An extra-systole of the light ventricle 
produces a diphasic electiocaidiogram m which the fiist movement (R) 
is upward, the second (T) downwaid The I? is laige, tlie T relatively 
small An extia systole of the left lentncle, on the othei hand, causes 
a diphasic curve m which the fiist movement is downward, while the T 
is positive The It m this case is smallei than the T Combining these 
two curves one may obtain a cun e similai to the noimal electrocardi- 
ogram of the two ventricles The upward R of the light ventncle more 
than neutralizes the downwaid R of the left, theiefoie the noimal R is 
positive m direction, but smaller than the R of a right ventricular extra- 
systole The positive T of the left ventricle is also larger than the nega- 
tive T of the right ventricle, so the T wave of the normal eleetrocaidi- 
ogram is usually m an upward direction Selemn explains the effect of 


19 Samojloff Arch f 0 Physiol , 1910, cxxxv, 417 

20 Straub Ztschr f ml, 1910, lm, 523 

21 Selemn Arch f d ges Physiol , 1912, cvlm, 1 37 
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digitalis as causing a preponderance m action of the left ventricle and 
'quotes from the literatuie m support of the view that digitalis acts 
mainly on the left ventucle In the therapeutic stage of action of the 
drug the P and E are not essentially changed, while the T is increased 
As the toxic stages develop the E wave becomes reduced, the T much 
increased and finally the cuwe resembles that caused by an extra-systole 
of the left ventricle The E almost entirely disappears, it is followed by 
a large downward-directed wave (S) and a large positive T The S wave 
is explained by Selenm by an absence of complete synchronism of the 
electucal curves of the two ventricles, the S wave really representing 
the first phase of the diphasic curve of the left ventricle 

Opposed to Selenm’s view may be mentioned the observation of 
Eppmger and Eothberger , 18 that the lett ventricle alone may give an 
approximately normal electioeardiogiam, while the right ventucle alone 
cannot Eppmgei and Bothbeigei 22 have furtheimoie shown that when 
the biarch of the His bundle going to either ventucle is cut, the electro- 
car diogi am assumes the form characteristic of an extia-systole of the 
ventucle still letammg its connection with the bundle Both ventricles 
continue to contract and yet the electrocardiogram is profoundly modified 
The development of the so-called atypical electiocardiogram charac- 
teristic of extia-svstoles would seem to depend, therefore, rather on an 
abnoimal entiance of the impulse into the ventricle Instead of the 
excitation being conducted to the ventucle over its normal route from 
the auncle, the His bundle and its branches, it originates at the part of 
the ventnculai muscle stimulated, 01 m Eppmger and Bothberger’s 
expei iments, spreads from the other ventricle When one ventricle is 
stimulated, both, of course, contract, and there is no evidence that the 
one not dnectly stimulated contracts less strongly than the one stimu- 
lated To support Selenm’s new, it would seem necessary to show that 
the left ventricle contracting alone 01 the right ventricle contracting 
alone would give curves, which, on combining, would form the usual 
electrocaidiograplnc curve as a resultant 

In marked contrast to the preceding views as to the interpretation 
of the electioeardiogiam, is the theory of Hoffmann 23 From a critical 
leview of the literature, certam observations m man and experimental 
woik on animals, Hoffmann came to the conclusion that the normal 
electioeardiogiam represents two distinct activities m the heart occurring 
dm mg its s> stole, namely, conduction of the excitation and contraction 
of the muscle Each actiuty accoidmg to this interpretation, is asso- 
ciated with the development of electrical energy^ and so far as the 
ventricle is concerned, the Q B S complex is caused by the passage of 

22 Eppmcer and Botliberger Zentralbl f Phvsiol , 1911, xxiv 1055 Ztschr 
f Klin Med 1910 lxx, 1 

21 IToiTinann A Arch f d ges Physiol 1910, cvwm, 552 
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the wave of excitation oier the conducting system of the \entiicle, while 
the remaining poiiion of the veniiicular elect) ocaidiogi am (level period 
and T w.ue) icsults fiom the elecli real eneig) liberated by the contract- 
ing ^entncle 'J hat a possible sepai ation of these two phenomena m the 
genesis of the elect] ocaidiogi am must be considered seems to liaie been 
fiist suggested by Judin -* The cunc of electrical response of a f log’s 
skeletal muscle (gasiioencimu*) shows, nccoiding to Judin, a rapid and 
laige wa\e preceding and a much slower and less intense change accom- 
panying the conti action of the muscle Judin eudently leahzed the 
nnpoi tance of tins obscr\ ation m refeience to tlie analysis of the electro- 
card logi am, but so far ns we know he lias not attempted this m detail 
Xn the ai tide icfeiied to the following statement occurs 

Dem Aussehen nncli erinncii these Kune selir an den Toil ties Elcktrokardio- 
grains, tier sich auf die Venlnkcl lie/ieht Damns folgt, das die cine Erkkrung 
des Eiehliokardioginins pegeben wird, cs gebolen oiecbeint, Ivlnrlieit in die Frage 
40n c ^ en -Aklionsstiomen des Muskels liberlmupt ?u bnngen, da these Frage nicht 
so einfacli ist, vie man dies bis jel/t gcnohnhcb nnmmmt 

Hoffmann show's b} a leview of the liteialuie and his own experi- 
mental work that the R and T waies fiequenth vnij independent^ of 
each othei, and believes that the I? wai c cannot be consideicd as repre- 
sentative of conti action of the Aentiieular muscle, since it does not, as 
has been assumed, especially by Emtho\en, show any relation m its size 
to the extent of this contraction He calls attention to the fact that m 
the so-called atypical electrocaidiogiam (elcctiocaidiogram of extia- 
systoles or ectopic impulse formation 20 ) the~R wa\e is much laiger than 
the normal, while m many cases at least the mechanical systole is much 
weakei than noimal Many obsei rations, on the other hand, indicate 

that the size of the T wave, fiequently, at least, vanes dnectly with the 
size of contraction 

^he T wave is increased during and aftei musculai woik (Emthoven , 4 
fuller and Nicolai- 0 ) , it is fiist increased and then decreased by the 
ac ion of heart poisons (Kraus and Nicolai 3 ), before death it becomes 
sma 1 01 disappears (Kiaus and Nicolai), and it is small or negative after 
excessive hemorrhage and m ehlorofoim narcosis (Emthoven 4 ) Hoff- 
mann s own experiments speak strongly foi the view of direct association 
between the contraction and the T wave He recoided the electrocai di- 
ogiam from frog hearts simultaneously with suspension curves of the 
ventnele and showed that when the heart is brought to a complete stand- 
still by the application of muscann, an electrocai diogram is still evident 

24 Judin Zentralbl X Phy<,ml , 1908, -vxn, 3G5 

ering las introduced the term nomotopic to indicate a normal impulse 
originating in the normal p*. -*< m v ker of the sinus region All impulses originating 
outside of this area are ecv >1 ic 

25 Hermg Arch f d ges Physiol, 1910, cxxxvi, 406 

26 Muller and Nicolai Zentralbl f Physiol , 1908, xxn, No 2 
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This eleetrocaidiogiam from the non-beating heart differs from the 
noimal merely m the absence of a T wave , the R wave is not reduced m 
size As the beats return following the lemoval of the muscarm effect 
by the application of atiopm, the R wave becomes no greater, although 
the extent of contraction increases rapidly The T wave, however, 
leappeais, and gradually increases as the size of the beat returns to 
normal In the frog’s heart during treppe the R wave does not increase 
as the extent of conti actions mciease Application of distilled water to 
the heart produces weaker and weaker systoles and finally cessation of 
contraction without decrease m the R wave, but with decrease and dis- 
appearance of the T wave These results show a striking lack of corre- 
spondence between the extent of contraction and the R wave and prove 
that the production of the electrocardiogram is m part unconnected with 
contraction of the cardiac muscle The abolition of contraction with 
maintained conductivity does not entirely abolish the electrocardiogram 
The group R (Q, R, S) is to be ascribed, not to conti action of the muscle, 
but to conduction of the cardiac impulse Under normal condition the 
impulse wave, or wave of excitation, is followed by the contraction wave 
Undei certain experimental conditions, as described above, this does not 
occui and the change m the electrocardiogram that results is confined 
solely to the T ware Hoffmann further notes that m the frog’s heart 
the T wave falls toward the end of systole, and when the length of 
systole is changed by cooling or warming the heart the T wave separates 
or approaches R to hold its place always towaid the end of systole The 
T wave is thus closely associated with contraction and particularly the 
latter part of the curve Hoffmann agrees with Emthoven and with 
Kraus and Nicolai m explaining the level part of the electrocardiographic 
curve between R and T as due to simultaneous contraction of all parts of 
the lieait and the action currents arising from this neutralizing one 
anothei so that no difference in the potential of base and apex occurs 
His intei pi etation of the T wave is essentially that of Emthoven m that 
it is referied to the cessation of contraction m certain regions of the 
ventricle while contraction continues m other regions With reference to 
each wave of the electiocardiogram the interpretation m detail is as 
follows The P wave is the expression of the spread of the impulse over 
the amide The following level part of the curve between P and R 
represents the contraction of the auricle and the passage of the impulse 
thiough the His bundle to the ventricle. The contraction of the auricle 
i Q presumably too weak to give any noticeable differences m potential, 
and hence no auriclar T wave is normally present The conduction 
through the His bundle is very slow and this explains why it produces 
no effect on the electrocardiogiam He cites the work of Grutzner, 
Mackenzie, Kuhe and Biedermann, m showing the absence of electrical 
change m slowly contracting smooth muscle The impulse is distributed 
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fust io ihe p.ipillaiv muscles If the parts hmg neai the apex fust 
leceive the impulse iiom the blanches of tlie bundle, a Q wave occurs 
When tlie excitation icaclics the base the I? wave occuis It then rapidly 
passes to the apex, causing the development of the S nave Bv the end 
of this peiiod the whole imisculalm e of the heart has iccened the wave 
of excitation Xow conti action set 4 - m and foi a ceiiani penod no fuither 
change occuis m the elec t local diogi am, became all of the heart muscle 
is active Aftei a time conti action begin*- to wane in ceitam regions 
and persists undimmi«hod m othei ^ and thus gives u«e to a ditfeience m 
potential between base and apex and the T wave i« piodueed 

The essential ehaiadeii^tic of Hoffmann's mteipietation and the 
point m which it difleis fiom all views m refcicnce to the foimation of 
the electrocai diogi am is thus the sharp diflcicntiation between the idle 
pla}ed m its pioduction by conduction of the excitation on the one band 
and the conti action of the mmcle on the othei As expressed b} Hoff- 
mann, the electiocai diogi am is to be lcgaided as a cune of excitation 
pins the end of a conti action curve 

Consideiing now m more detad the mteipietation of the T wave, the 
vanous views that have been more or less dcffnrtch expiessed ma) he 
divided into fom groups (1) The T wave ns not leally indicative of 
any potential change aiismg fiom activity of the cauliac muscle, but is 
due to changes m the position of the heait duung its contraction, icsnlt- 
mg m distuibance ol the null point of the galvanometei 2 The T 
wave is the result of the contiaction of the musculature of ceitam legions 
01 certain lajeis of tlie lieai t just as the B wave is the expression of the 
contiaction of othei legions 3 The T wave is not a special feature 
associated with the contiaction of mnseulatuie from any particulai 
region of the heait, but is a phenomenon associated with contraction of 
cardiac muscle m general 4 Some factor or factors entei into its foi- 
mation other than simple contiaction of the muscle 

Tlie first mentioned view has been suggested by TJsoff As a lesult 
of contiaction of the ventnelo the long axns mci cases and a change of 
the line of isopotential m lelation to the leads to the galvanometei 
results formally tins change m position lesults fiom activit 3 r of the 
left ventricle and tlie T wave is positive If the light ventucle conti acts 
more stiongly than the left the T wave is negative If the whole heart 
contracts weakly, as occuis m dilatation, the form change is slight or 
absent, and the T wave is likewise small or absent Most authors have 
attempted to mteipret the T w r ave according to the second mentioned 
view Probably the interpretation that has been most widely accepted is 
that developed by Gotch 13 In this the T wave is referred to a late 
contiaction of the muscular* re of the ventricles surrounding the base 


27 Usoff Quoted fiom Eelmsh (Note 11) 
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of the aoita and pulmonary arteiy Gotch attempts to bring the com so 
of the cardiac impulse into 1 elation with the phylogenetic development 
of the heart from the primitive cardiac tube, and conceives the impulse 
m the fully developed mammalian organ as entering the auncular end 
of the ventricle, thence passing to the apex and finally terminating at 
the artenal base (aoitic and pulmonic bases) Bayliss and Starling 12 
had pieviously worked on the couise of the impulse over the mammalian 
vcntucle by the method later used by Gotch and had concluded that the 
late basal negativity (as shown by the T wave of the electrocardiogram) 
was due, not to return of negativity from the apex to the base, but 
resulted fiom the fact that the negativity at the base outlasted that at 
the apex They conceived the contraction wave as beginning at the base 
and passing to and terminating at the apex, while Gotch differentiates 
between the auncular and artenal bases and supposes the wave of con- 
traction to pass from the first to the apex and thence to the aortic and 
pulmonic base Gotch worked on the exposed heart of the tortoise and 
labbit with the electrodes placed directly on the surface of the heart and 
connected with a capillary electiometer With one electrode m contact 
with a considerable part of the base of the ventricle, including the 
muscle lying around the base of the aorta, the other m contact with the 
apex, lie obtained a curve fiom the tortoise’s heart resembling the normal 
ventucular electiocardiogiam with a pronounced T wave The late 
negativity of the base (T wave) was not obtained when the basal contact 
was limited to the lateral regions of the ventuculai base, while a localized 
contact on that part of the base from which the aorta anses gave a curve 
lesemblmg that obtained when the contact included the basal region as 
a whole It seemed clear, therefoie, that the poition of the base which is 
lesponsible foi tins late negativity is the legion lying at the base of the 
aorta The base of the ventucle is thus the seat of two potential changes 
which occur at difi'eient times m ventuculai systole, one early, the otliei 
late The second change, that which gives use to the T wave, is only 
manifest vlien the contact of the basal electrode includes that portion of 
ventucular musculatuie lying at the root of the aorta If it is true that 
the impulse passes as a wave from the aunculoventriculai junction to 
the apex and then leturns to the neighborhood of the aorta, the former 
should show evidence of negativity before the aoitic region, and this he 
found actually to be the case When one electrode was placed m contact 
with the lateral parts of the ventricular base and the other with the base 
of the aoita, the curie obtained was diphasic, the auricular base was first 
negative and after a peuod of equipotential, relative negativity developed 
at the aortic legion The experiments on the exposed heart of the rabbit 
confirmed this mterpi etation Gotch, f ui tliei more, found that m the frog, 
torroise and rabbit, an increase m the conti action of the aortic region of 
the \entncle produced by a use of blood-piessure i« associated with an 
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increase m the size of file T wave In the labbit’s heai t a weakening of 
the beat of the ventncle from any cause results m a deciease, or if 
pionounced, a total disappearance of the T wave In a strongty-beatmg 
labbit’s ventricle shifting the basal electrode away fiom the aoitic (or 
pulmonic) legion results likewise m a leduction of the T nave 

Hieolai, as we have seen, explains the T ware by a leturn of negativity 
to the vase and hence agrees with the interpretation fust pioposed by 
Gotch Emthoven, on the othei hand, inclines to the conception devel- 
oped by Bayliss aud Stalling, that the terminal basal negativity does 
not represent a return but a continuation of negativity of this legion 
aftei it has disappeared at the apex Eppmger and Rothbergei make no 
very definite statements m reference to the cause of the T wave They 
note that since fieezmg the supeificial layer of the ventricular muscle 
affects only the T wave, while injury to the deepei layers produces none 
01 only a slight effect on this ware, it piobably does not anse fiom 
actmty of the deeper layeis In their description of the effccfs of injury 
to the deeper muscles they, however, describe quite marked effects on 
the T wave 

The third point of view mentioned abo\ e, namely, that the T wave is 
not to be refened to any special region or layer of musculatuie, but is an 
essential featuie accompanying the conti action of cardiac muscle m 
general, is the central idea m Hoffmann’s intei pretation of the electro- 
cardiogram Iloffmann, as we ha\e seen, differentiates shaiply between 
the electrical effect produced by conduction, on the one hand, and con- 
traction on the other The first is represented m the \entnculai electio- 
caidiogiam by the group R (Q, R, S) the second by T Early m systole, 
when the whole cardiac muscle is m contraction, no T wave noimally 
develops because the various action cui rents pioduced neutialwe one 
another so that no diffeience m potential between base and apex is 
present Such difference m potential only anses when some portion of 
the heart (normally the apical legions) begin to pass out of contraction, 
while others (normally the basal regions) remain strongly contracted 
While thus it is really one particular region of the heart, the ventricular 
base, winch is mainly concerned m the production of the T wave, by this 
point of view as expressed, any contracting cardiac muscle, no mattei 
from what region of the heart, should give a T wave if the change m 
potential thereby induced is unopposed by simultaneous changes devel- 
oped m other regions of the heart 

Emally, the view that some other factor besides simple contraction 
of heart muscle plays a role m the formation of the T wave has been 
suggested by Samojloff and by Straub Samojloff , 19 working on the frog’s 
heart, came to the conclusion that the T wave is composed of two com- 
ponents, one representing conduction of the excitation, the other con- 
traction of the muscle He found m extra-systoles of the frog’s ventricle 
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that while the direction of the R wave changed, depending on whet 
the extra-systole arose from base ot apex stimulation, that the T w 
always letamed the direction present m the normal beat However, 
size of the T wave varied m these two cases When the T wave m 
extra-systole is m the same direction as the R, it is smaller than n 
normal beat, while when the T is m opposite direction to the R, i1 
larger than the normal This can be explained if the T wave is regar< 
as representing the second part of a diphasic curve of conduction, p 
a contraction curve, m which the latter element always predomma 
The part of the T representing conduction is always opposite to the 
representing as it does, the second part of a diphasic change When 
second component of the T (representing contiaction) is opposite 
direction to this, these two subtiact from each other and the T is sm 
When they are both m the same direction the two components are ad< 
and the T wave is larger than normal It will be noted that m ei 
case the second component of the T (that representing contraction) j 
dominates Straub 20 places the T wave at the beginning of diastole 
the frog’s heart and suggests that it may be m some way connected w 
assimilatory processes m the muscle He showed that wanning 
ventricle increases its size (m a positive direction), while cooling can 
it to become small 01 negative 

The T wave, as has been noted by most writers, is by far the m 
variable feature of the electrocardiogram While m the normal cu 
from man it is nearly always m the same direction as the R wave, in 
frog, tortoise and m mammals used m experimental work a downwa 
directed (negative) T wave is not at all uncommon m an apparen 
normal heart beat Many obseivations have been made in an attempt 
determine the factor or factors that underlie the variations m size 
the T wave and the majority peihaps point to the conclusion that a cl 
correspondence exists between the extent of ventricular contraction z 
the size of this wave The work of Hoffmann in this connection and 
literature he cites has already been leferred to Rehfish, 28 in an extens 
as determined by orthodiagraphic methods The highest positive T wa 
comes essentially to this conclusion In an analysis of 350 clinical ca 
the size of the T wave was compared with the arterial blood-pressure 
measured by the v Recklinghausen tonometer and the size of the he 
as determined by orthodiographic methods The highest positive T wa 
were present m cases of moderate blood-pressuie (111 to 130 mm svstc 
pressure), and m which there was no great enlargement of the heait, 1 
m which the a>ray examination showed particularly strong heart mo 
ment The most pronounced examples of this type were cases of wi 
developed hypertrophy with no evidence of broken compensation, es 

2S Relifish Ztschr f exper Pathol u Therap , 1911, ix, 716 
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cially well maiked in eases of pine caidiac neuroses In pionounced 
heart weakness 01 rn dilatation and m very small heaits with low blood- 
piessuie, the contiactions of the haul, as shown by the fluoioscope, aie 
small, and these aie always associated with a small T ware In gieatly 
enlaiged heaits with vcrj high blood-piessuie (180 to 250 mm systolic) 
the T wave is small oi negatne m tiie majority of eases The R wa\c 
shows a tendency to mciease in size with nicieasc m blood-piessuie and 
mciease m size of heart, but the change l^ not so maiked as occuis in the 
case ol the T ware Pnbinm and ixalin 2D conclude from a stud} of over 
300 pathological ca^e 1 ? that while \ anal ions m the size of the T wave in 
appai ently similai c.i^cs is quite common, in general T is stiongly 
positive in foiciblj conti acting heart 1 ?, wlnle it is small oi ab c ent m iciy 
weak lieai t« "Wlnle they find that fiequently the R ware is modified m 
right and left \entnculai hjpcitiophy m the way described bj Einthoien, 
many exceptions oecui Samojloff 10 found that in the electiocnrdiogiam 
of the frog's heart the first ‘W'dolc following the compensator pause of 
an extra-systole produced by stimulation of the \entiicle (“post extia- 
svstolic systole”) shows a laiger T than normal, while the R wave is 
unchanged rn size The T ware of the second normal systole following 
an exti a-sj stole is houexer, smallei than that of succeeding sj ‘doles 
Langendoiff 30 and Bottazzi 31 have c ?liov , n that the fust post extia-sjstolic 
systole is laigci, the second smaller, than the atciage sjstole In the 
electrocaidiogiam these change 1 ? m si/c of sjstole aie maiked solely by 
changes m size of the T wave Jloicoier, m the extra-systole itself the 
T w r ave is smallei than noinial and this difference is more pionounced 
the earlier the extia-systole follow's a noimal sjstole As is well known, 
the eailiei an oxtrasjastolc falls m the preceding cycle the smallei the 
contraction The size of the extia-systohe conti action is thus dnectlj’’ 
connected with the size of the T wave That the T war e fiequently 
varies independently of the R and =eems to depend as to degiee of its 
development largely on the extent of contraction of the heart, is fuithei 
indicated by studies on the action of ceitam poisons oil the heart and on 
the influence of the extirnsic caidiac n eives 

The action of drugs of the digitalis senes has been studied by Nicolar 
and Simons, 3 - by Straub, 33 and moie recently by Selenm 21 The last- 
named investigator worked on dogs with heaits m situ and found that m 
the stage of therapeutic action of digitalis the P and R waves wane not 
essentially changed from the normal, while the T w r ave w T as mci eased m 
size Nicolai and Simons describe m man an increase m size of the T 

29 Pribram and Kalin Deutsch Arch f klm Med , 1910, \ci\, 479 

30 Langendorff Arch f d ges Physiol , 189S, Ixx, 473 

31 Botazzi Zentralbl f Physiol , 1890, \, 401 

32 Nicolai and Simons Med Klm , 1909, v 

33 Straub Ztschr f Biol , 1909, lm, 100 
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wave without essential change m the E as a lesnlt of therapeutic doses of 
digitalis Stiaub describes smnlai effects from strophanthm m cats and 
rabbits at the beginning of the toxic stage of action Fuithei action 
causes a negative T Epmephnn (adrenalin) causes the T to become 
larere and negative The increase of the T is the chaiactenstic effect of 
the action of digitalis on the frog’s heart, according to Straub 20 
Hermg / 4 m studying the 'pulsus alteinans produced by the intravenous 
injection of glyoxvlic acid, found that the most common change m the 
electiocaidiogram pioduced by the ventucular alternation is m the T 
wave , the I? wave is never alone affected and is always less changed than 
the T In a previous paper, Hermg 35 had shown that the essential 
feature in the alternation produced by glyoxylic acid m the mammal’s 
heait is not a hyposy stole (diminished contraction) of the whole ven- 
tricle hut a partial asystole Certain parts of the ventricle do not enter 
into contraction at all m the alternating small heats The view that 
pulsus altcrnans is a hyposystole seems to have been fiist suggested by 
Gaskell / 0 and to have been confirmed foi the fiog’s heart by Trendelen- 
burg / 7 and by Muskens 38 Hering could find no relation between the 
portion of the ventricle affected and the change m the T wave and 
concludes that the T wave is pioduced by every part of the musculature 
which may be m activity towaid the end of systole and is not to be 
leferied to any special region of the ventucles Kahn and Starkemtein 39 
confiim Tiering m that they find m pulsus alteinans pioduced by glv- 
oxylic acid that the T wave varies considerably m size m the large and 
small beats, while the B wave is little affected 

The effect on the electrocardiogiam of section and stimulation of the 
extunsic cardiac nerves has been studied m detail by Bothberger and 
Wmteiberg 40 Tnci eased acceleiator influence as a result of vagus section 
causes increase in P B is uncharged or smaller and T is much mci eased 
Stimulation of the right stellate ganglion with vagi intact causes a 
similai change Stimulation of the left stellate ganglion causes P to 
become small, B becomes diphasic with pionounced S wave, T usually 
becomes stiongly negative Increase of vagal effect by section of accel- 
eiatois causes P and T to undeigo marked decrease, while B is increased 
They conclude that the effect of increased accelerator influence is the 
lesult of a localized strengthening of the conti action, a “paitial hypei- 
sj’stole” In refeience to the anatomical distribution of the right and 
left acceleiatoi fibers they believe that stimulation of the left acceleiator 

34 Ilcring Ztscln f e\per Pathol u Therap 1009 mi, 3G3 

35 Henng Munclien med Wchn=chr , 190S, h, 1417 
3G Gaskell Plnlo=oph Tr , 1SS2, cIvmii 903 

37 Trendclenbui g Arch f (Anat u) Phvsiol , 1903., p 271 
3S Muskens Jour Pin siol , 1007, xxvw, 104 

30 Kahn and Stnrkenstein Arch f d ges Pin siol 1010, cvwm 579 
40 Kothberger and Winterberg Aicli f d ges Plnsiol 1910 cww, 50G 
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causes negativity of the T wave due to mci eased stiength of contiaction 
of the left ventncle, while increase of the T m a positive dnection from 
stimulation of the light acceleiatoi is due to mci eased contraction of the 
right ventricle 

The role that different parts of the ventricle play m the genesis of the 
T wave has been studied m an interesting senes of experiments by 
Henle 41 Ilerrag and Biedeimann had shown that as a result of the 
application of a constant electric curient to the fiog's lieai t the region 
of the ventncle undei the anode remains unconi rncted while the cuirent 
is passing If the curient is veiy strong the effect may spread to the 
entile ventncle, but by using a euircnt of model ate strength a well 
localized effect may be obtained Foi a shoit time following the cessation 
of a cuirent which has been passing foi some time, the legion aiound the 
anode conti acts moie stiongly m each systole than the icmammg paits 
of the heart, while the legion sm rounding the cathode shows diminished 
activity These effects likewise imolve largei aieas the stronger the 
cuirent employed If the current is not too strong it is possible to 
obtain a localized region which contracts to a less or to a gi eater degiee 
than the remaining ventncular muscle Ilenle applied this method to 
the study of the effects pioduced by these localized legions of depressed 
or augmented aciiuty on the electiocaidiogiam from the lieai t of frogs 
and mammals (dogs) Since the passage of a cunent tlnough the heart 
would affect the electioeardiogiam, he utilized the effects 'produced on 
the heart which follow the withdrawal of the current, namely, an aug- 
mentation surioundmg the anodal and a depression surrounding the 
cathodal region One electrode, which can be made either anodal or 
cathodal, is placed on the lieait, the other selves as an indifferent elee- 
txode connected with some poition of the body suiface By the nse of a 
commutatoi a galvanic current is passed thiough the heart for a penod 
of fifteen to twenty seconds and then by revel sal of the key connection 
is made with the galvanometer and the electrocardiogram obtained fiom 
the surface of the heart (base and apex of the ventncle) for the next few 
beats With the anode on tlie base or the cathode on the apex of the 
heart, the effect on the electrocaidiogiam m the next few beats following 
the cessation of the current was an increase m size of the T wave over 
the normal The T wave is thus increased m a positive direction when 
the base contracts stronger 01 the apex weaker than normal With the 
anode on the apex or the cathode on the base the T wave is small , m the 
first two or three beats following the withdrawal of the current it may be 
negative The R wave is practically unaffected As a result of the 
current probably the activity of only the superficial layer of the heart 
muscle is affected, and since this affects only the T wave it is suggested 


41 Henle Ztschr f Biol , 1911, lv, 295 
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by Henle that the E and T anse from different layeis of mnscle The 
fact that change m the extent of contraction of the musculature at the 
apex as well as at the base of the ventricle affect the T wave, pioves that 
at the time of occunence of this wave the apical musculature as well as 
the basal musculature is m functional activity and that both play a part 
in its pioduction This is, of course, opposed to the explanation of the 
T wave upheld by Gotch and by Kraus and Kicolai 

The production of the T wave, according to the majority of writers, 
is closely connected with the activity of some special layer or region of 
ventricular muscle Only Hoffmann (and perhaps Judm) have suggested 
that it is representative of contraction of cardiac musculature, irrespec- 
tive of position In relation to this conception of great importance is 
the observation by Straub 42 of the presence of a T wave from the auricle 
of the isolated frog’s heart Aftei complete cessation of the contraction 
of the ventricle with continued conti action of the auricles, Straub 
obtained a diphasic curve followed by a monopliasic cuive, the latter 
resembling the T ware of the ventricle This observation on the frog’s 
heart has been confirmed by Eiger 4 ’* and moie recently by Henng 44 
Henng also finds some indication foi the piesence of a T wave m a 
curve obtained fiom the auricles of a dog beating in situ after the ven- 
tricles have been cut away He states, however, that such a conclusion 
can only he ai rived at with great reservation and that furthei work is 
required to establish an auricular T wave m the electrocai diogram from 
mammals and from man 

Before closing a leview of the recent literature on the electrocai di- 
ogram, refeience may be made to the interesting series of observations 
of Paul Hoffmann 45 on the electrocardiogram of the mveitebrates Three 
types of electrocardiograms, accoidmg to this work, are to be recognized 
The first type is characterized by a series of oscillations, varying in 
numbei from two or three to twenty or more and extending throughout 
the period of contraction This type is cliaiaetenstic of the heart of 
ceitam aithropods, namely, Limiilus, Mam and Astacus The heart is 
evidently m tetanic contraction and the curve is simply a number of 
action currents rapidly following m succession, each corresponding to an 
excitation received from the cardiac center m the intrinsic cardiac 
nervous system No T wave is present, probably due to the rapidly 
recurring contractions going to make up the tetanus The second type 
of electrocardiogram is characteristic of certain hearts which show a 
peristaltic contraction, a repiesentatne of which is found m the gas- 
tropod, Aphjsia The electrocardiogram is a simple diphasic curve Finally 

42 Straub Ztsclir f Biol , 1910, hn, 499 

43 Eiger E\-tr de Bull de l’Acad des Sciences de Craeona, July, 1911 

44 Henng Arcli f d ges Physiol , 1912 exhv 1 

45 Hoffmann P * Arch f (Anat u ) Physiol, 1911, p 135 
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the third type is the electrocaidiogiam chaiacienstic of all the higher 
animals, found among certain of the higher invertebrates (certain 
ceplialopods) and all the veilebiates The ditfeiences of the electrocaidi- 
ogtam in these diileient animals aie thcicfoie associated with distinct 
ditfeiences m the physiological peculiarities of the heait, and the type of 
eleetiocaidiogiam of the higher animals, including man, is characteristic 
of the type of activity that is peculiai to the heart of the higher animals 

THU RELATION’ Or TIIT ELECTROCARDIOGR VW TO OTHER EVENTS IN THE 

CARET \C CYCLE 

The woik of Kalin 115 * 10 * 17 m this connection has aheady been referred 
to Snnilai ob 5 ei rations have been made bj Weiss and Joachim'"' and 
by Bull 17 Theie is general agi cement that the I! wave piecedes b) a few 
hundredths of a second ( 03 to 06) the onset of •ventricular systole as 
shown by the rise of liitiaventriculai piessuie and the first heart sound 
The lelation of the eleetiocaidiogiam to the venous pulse has been 
studied by Rautenbeig ' IS While he agiees that the onset of the R wave 
precedes the beginning of ventuculai s) stole and finds that the position 
of the c wave on the venous puke confirms this new, he concludes that 
the It wave is nevertheless to be icfeued to and is i epi esentative of the 
first pait of ventuculai systole Ue assumes that the P warn is to be 
refened exclusively to conti action of ihe amides and its beginning must 
conespond to the onset of aunculai sv stole Determining on his curves 
the distance that the aunculai wave of the •venous pulse follows the P 
wave of the electrocardiogiam, lie applies this correction to the i elation 
between the c wave of the venous pulse (onset of -ventncular systole) 
and the R wave of the electiocardiogram When this conection is made, 
he finds that the beginning of the R wav e falls m all cases exactly with 
the beginning of the c wave, and concludes that both represent the same 
process m the heart, namely, the beginning of ventncular systole The 
R wave thus represents the contraction of the ventuculai muscles as a 
whole and not merely of the papillaiy system, since the contraction of 
the latter causes no rise m mtiaventncular piessuie The reason that it 
occurs m point of time befoie the cardiac muscle conti acts is to be 
referred to the latent period of the heait muscle Considering for the 
time that Rautenberg's assumption that the beginning of the P wave is 
representative m all cases of the onset of aunculai systole, and that the 
correction as applied to the i elation between the R and c waves is conect, 
the work of Kahn 17 on the i elation between mechanical movement and 
electric response which we have already referred to m some detail, is 
entirely opposed to Rautenberg’s interpretation As will be discussed 

46 Weiss and Joaclum Ztsclir f khn Med, 1011, lvx.ni, 240 

47 Bull Quart Jour Exper Physiol, 1911, iv, 288 

48 Bautenberg Berl khn Wchnschi , 1910 lvvn, 2190 
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laiei in tins paper, we belierc wo hare stiong evidence to indicate that 
the onset of the P wave m by no means all cases conesponds to the onset 
of auricular sy si ole The observation of Emthoven" and otheis, that the 
P-P internal is of different length in difleient leads to the galr anometer 
fiom the same individual, indicates that eitliei the P wave m i elation 
to aunculai systole 01 the It wave in 1 elation to ventucular systole, 01 
both, undergo variation 

We have studied the lelation of mechanical systole of the heart to the 
clectiocaidiogiam, ruth especial lcfeience to the P-P interval, m man 
and m the dog Comparative measuiements wcie made of the a-c interval 
on the renous pulse and the P-R interval of the electiocauliogram m 
simultaneous records of the two from fifteen normal men These show, 
contrary to the findrngs of Pautenberg, that the P-P mterral on the 
electrocardiogram does not eoi respond m the majonty of cases with the 
a-c interval on the venous pulse Usually the a-c mteival is somewhat 
longei than the P-P interval, so that if P is made coincident with a, c 
does not fall at the beginning of P, but towaids the end of this wave 
In a few cases the two mteirals are of approximately the same length 
and in sereial cycles in these leeoids the a-c mteiial is definitely shorter 
than the P-P mtenal The probable interpretation of these differences 
v ill be discussed latci Om results thus indicate that the P-P inter \al 
is not nr most cases a measure of the As-Ahs mteival The opposite 
conclusion of Pautenbeig seems to have been denved fiom recoids which 
showed a relation otlici than the usual one A moie interesting point in 
lefeience to the intei pi etation of the electiocardiogiam shown by these 
leeoids is the diu ation of systole As is well known, only on ceitam 
phlebogi ams is the end of systole shaiply maiked by the separation 
between the t and d wares (Baid 40 ) In records fiom seven of the 
fifteen mdiuduals the end of systole was evident and these without 
exception showed that the length of systole, as measmed by tbe c-d 
mtenal on the renous pulse, corresponds to an interval on the electio- 
caidiogiaplnc curre beginning ncai or at the end of R to the end of T 
If the end of the T ware is lepicsentatire of termination of the contrac- 
tion of the rcntucular muscle, as is geneially lecogm/ed to be true, it n 
crident that the onset of mechanical systole is represented, not by the 
beginning of the P ware, but by a point at 01 ncai the teinnnation of 
this ware Figuies 1 and 2 are simultaneous leeoids of the jugular puPe 
and electiocaidiogiam in man and show the features discussed abore 
Piguie ‘3 is a lecord front a dog and gnes a comparison of the a-c inter ral 
on the jugular puPe and the P-P mtenal ot the electrocaidiogram in 
the same cycle The renoris pulse was iccoided by a sound introduced 
into the light external jugular rein according to the method used by 

•10 It'ird .Tom do phmol ct do pTthol gCn 100G an, 454 
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Fredericq 50 The eleetiocaidiogiam m all these lecoids is fiom Lead II 
of Eintliov en (light anterior and left posterior extremities). In several 
experiments on dogs we have compared the P-R interval with the As-Ys 
interval as recorded hy suspension curies of the light auricle and right 
ventricle The c e have led to the same conclusion Certain abnormal 
conditions of the heart which may cause a wide variation between the 
two will he discussed latei Finally, m simultaneous records of the 
\enous pulse, electrocardiograms and apex beat m foul normal men, the 
venous pulse has been corrected for transmission b) comparison with the 
caidiogiaplnc curve and this correction applied to its relation to the 
electrocardiogiam When this collection is made, the time from the 
onset of the P wave to the a ware of the venous pulse is less than the 
time from the onset of the It wave to the c wave of the venous pulse 
If the beginning of P is to be referred to the onset of auricular systole, 
the beginning of R does not conespond to the onset of ventncular systole 
Prom these observations the following conclusions may be drawn 

1 Aunculai sj stole plus aunculo-ventriculai conduction time is not 
accurately represented on the electrocardiogram by the interval from the 
beginning of the P wave to the beginning of the R wave (P-R interval) 
In the majonty of oases the As-Ys interval corresponds to an interval 
fiom the beginning of P to some point on the defending limb of R or 
the end of this wave 

2 The period of systole of the venlncle. ox the time fiom the use of 

intraventricular pressure, as marked b} the c wave of the venous pulse 
to the closure of the semilunar valves as maiked by the d wave of the 
venous pulse, is represented in the eleetiocaidiogiam by the interval 
from the end of R to the end of T < 

Prom the work of Keith and Fiaek, 51 IVybauw, 62 Lewis and Oppen- 
heimer, 53 Brandenburg and Hoffmann, 54 Gantei and Zahn 55 and others, 
we have strong evidence that the cardiac impulse m the mammalian 
heart arises m a region of tissue representing embrv ological remains of 
the primitive sinus and lymg m the adult organ along the sulcus ter- 
mmalis of the right auricle at its junction with the superior vena cava 
The excitation spreads from this region to the auncles and thence to the 
ventricles by the auriculo ventricular bundle The question at once arises 
whether ox not the activity of the so-called sinus region is represented 
m the electrocardiogram Is the P wave representative entirely of 
activity of the auricles, or does the cardiac impulse before reaching the 

50 Fredericq Aicli internal de phj siol , 1907, v, 1 

51 Keith and Flack Jour Anat and Physiol , 1907, xli, 172 

52 Wybauw Arch mternat de Physiol , 1910, x, 78 

53 Lewis, Oppenheimer and Oppenheimer Heart, 1911, n, 147 

54 Brandenburg and Hoffmann Med Khn , 1912, Tin, 1G 

55 Ganter and Zalin Zentralbl f Physiol , 1912, wv, 782 
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aunculai tissue piopei play a pait m the pioduction of the electio- 
cardiogiaplnc cune° "We have recently studied m a senes of experi- 
ments on the dog’s heait in situ the conduction of the excitation fiom 
the sinus legion, the results fiom wdiicli will form the subject of anotliei 
papei. but ceitam facts beanng on the present pioblem may be discussed 
heie The Keith-Flack node manifests development of a negative poten- 
tial m the dog’s heait fiom 0 025 to 0 03 second before the body of the 
light auncle This lesult was obtained by measunng the time fiom the 
occurience of negatrvitv m these two legions m relation to mechanical 
systole of the auricle One clectiode was placed on the node, another 
on the auricle and these connected m turn thiougli the galvanometer to 
an mdilieient electiode on the left hind leg of the animal, the systole of 
the light auncle being lecoided at the same time by suspension Tlieie 
is, theiefore, a slight delay m the passage of the impulse fiom the node 
to the auncle, a smo-auneulai interval which amounts, under normal 
conditions, to fiom 1/5 to 1/3 the aunculoventnculai intei val m the 
same animal By companng m the same expenments the relation of the 
onset of the P wa\e of the electiocaidiogiam to mechanical systole of the 
auncle, it was possible to detennme whethei the negativity m the sinus 
legion formed the Hist part ot the P w r ate oi whethei the wave is to be 
iclened exclusnely to excitation m the auncle An example will make 
this cleai In one expenmcnt an electiode placed on the smus region 
and connected with an mdiffeient electiode on the left hind leg, showed 
that the fust negativity developed at the smus pieceded the onset of 
mechanical sj'stole of the auricle b) 0 OS second The lower pait of 
the body of the light auricle developed negativity 0 05 second before 
aunculai systole The P waic of the eleetiocaidiogram (leads fiom 
light antenoi and left postenoi extiemities) finally began 0 07 second 
befoie aunculai systole The fust two of these deteimmations weie 
made m the same lecoid by means oi a key used to connect the electrodes 
on the smus and auncle m tuin with the galvanometei and indifferent 
electiode The lelation of the P wate to auricular systole was determined 
fiom a lecoid immediateh following the pioceedmg It is evident fiom 
the data m this expenment that the wa^e of negatmty passed from the 
smus node to the body of the auncle witlnn 0 03 second and that the 
P wa\e of the electrocaidiogiam was m pait made up of this negatiut), 
while still m the smus region and m pait after it had spread to the 
auricles Oui expenments hate also demonstiated that there is no 
lestricted path of tissue b} which the impulse spieads fiom the smu« to 
the auncle Such conduction occuis In diffuse paths, and this is piob- 
ibiy the explanation as to why the manifestation of smus actmtj and of 
auucular achvih on the electrocardiogiam are fined to form a single 
w at e (P), and do not form two separate wave= A splitting of the P 
wa\e has been desenbed In Ilenng’ 0 and others ITenng ‘uunnnted that 
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the Iasi pail ) cpi evented actmtx oi the Minis the second pad actmp 
of the amiclcs We li.ne H*cn a Miuihu dixisjon iu(o two waxes m an 
expenment m which tlie suin'- legion iu*. paitiall} isolated fiom tlie 
aunclc b> cuts tlnough the eaidiae tissue and tin 1 - suggests that a 
splitting ol the P w ax c may indiratc unusual diflic ult\ m conduction 
fiom tlie sinus node to the nuncio The point we wish to einphuM/e hcio 
hoxxexei is that the .P xxaxe of the eiectioc aidmgiain in the mapn ity ol 
ca c es at least is a conijiosite of the spiead of the excitation m the emus 
legion and m the amides The onset oi this wa\e does not, as a nilc, 
coriespond to tlie development ot admix m the anneles hut is c omc >- 
dent with oi moie fiequeiitlx l>egms a dioit time aftei the excitation 
becomes cxident m the emus icgion \o eepaiate waxe occuis noimall> 
m the elect loeaidiogi am of mammals uidieatmg admix of the emue 
because the legion is eounectcd with the mmoles In mam and difluse 
paths and theie is a elatixelx small del.ix in the passage ol t he excita- 
tion to the aunde In the cold-blooded head the 'inns, although piesent 
as a sepaiate chambei, the conliaction ol winch is sepaiated bx a cornul- 
eiablc mteival liom that of the nuncios, does not ae a nile pioduce aux 
effect m the electiocaidiogiam, piobablx because iP aetmp n too email 
Using a xon sensitive thicad m the gnlxanonietci we haxc obtained 
evidence of a waxe pieccdmg the P waxe ol the electiocaidiogiam m the 
toitoiee fiom leach fiom the bodx tissue's of the animals and perfeetlx 
clcai and definite icsulte xxhen the leads xxeie fiom the exposed head, 
one fiom the snni« the othei liom the xeninele An example is gnen 
m Figuie J Theie n a waxe lesultmg liom a smu« admix, folloxvcd 
by the usual P, P and T waxes That leads fiom the suiface of the 
mammalian heart tail to shoxv nuclei noimal conditions am evidence of 
a sinus wave sepaiate fiom that of the waxe pioduced bx actmty m the 
auncle would seem then to be the essential difieiencc between the cleetio- 
eanliogiam of the cold-blooded head and the mammalian heai t and to be 
the expiession of the diffeicnee m the txxo cases of the physiological 
lelation betxveen the sums and amides In the example gixen above, the 
data are such as to lead to the conclusion that tlie iiist onset of negatmiv 
m the sinus legion docs not gixe use +o the P waxe In the ma^onty of 
cases this is tire, and xxdnle onlx m exee]itional cases does the P xxaxe 
begin first xxdien the actixity icachcs the auncle, usually the x T ei} r fhd 
development of negativity m tlie sinus does not affect the electiocardi- 
ogiam Piobablv if the galxanometci in all cases xx r eie sufficiently 
delicate, the onset of the P xxaxe xxould conespond alxvax r s to initial 
negativity of the sinus 

Having thus to considei the P xvave as made up m practically all 
cases m pait by activity in the smus legion, and the extent to xxdncli this 
enteis vaixmg m different cases xve haxe at once an evident factor to 
account, m pait at least, foi diffeiences between the P-3? mteixal and the 
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interval fiom aunculai s) stole to veninculai systole (As-Ys mteival), 
ns measuied by mechanical means if one explains the electiocaidiogiam 
on the hypothesis that it icpiesents two separate piocesses occulting in 
the heait muscle dui mg its activity, namely, conduction of the excitation 
and coni 1 action of the muscle, the P and P wave are to be legal ded as 
lepicsenting the foimci piocess m the auncles and vcntiiclcs, lespec- 
tively If the P and R waves aie then not manifestations of contiaction 
of the aunculai and ventnculai muscle, but of the spiead of the wave 
ot excitation, anothei factoi mav be considcied which may act to change 
the P-R inter\ al independently of the As-Ys mteival It is conceivable 
that the penod fiom the time of cntiance of the excitation into the 
muscle to the contiaction may undeigo vanations and may be diffcient 
m the case of the auiicle and ventucle The latent penod of mammalian 
heai t muscle to dneet stimulation vanes markedly at different times m 
the cardiac e^ele (ITmchfcldei and Eystei r,c ) A thud factoi which mav 
]ieihaps altei the P-R internal without changing the As- Vs mteival is 
vanation in the conductivity from the sinus region to the auncle By 
application of nicotin to the smus and basal poitions of the light auncle 
we have found that flic P-R mteival may become actually twice as long 
as the As- Vs mteival, as mca«uied by suspension of the light auncle and 
light ventncle Tne change m the P-R internal m this ca«e was shown 
to be due entnely to an eaihci occuncnce of the P wave befoie mechan- 
ical aunculai systole An example of these cxpenmcnis mav be given 
Befoie application of the nicotm the P-R internal avciaged 0 10 second, 
ibe As-Ys mteival 0 13 second These weic measuied fiom the same 
cycles The P wave pieccdcd auncular sv stole b) 055 second Follow- 
ing the application of 50 pel cent nicotm the P-R internal aveiaged 
0 13 second, the As-Ys mteival 0 06 second. P pieccdcd aunculai systole 
0 1 3 second 

Vhethci these nun oi mav not be the mam factoi s imohed m 
earning filiations m the P-R intenal independently of the As-Ys 
mton al the fact is evident that it can be shown expei imentall> that the 
P-R intenal is not an accuiate measuie foi this penod, and that the 
two mav show independent variation As wc have seen, usually the P-R 
mteival is a few lnmdiedtln of a second shoitei than the As-Y« period 
The oecunence ot the P wave befoie the excitation cnteis the auncle 
would tend to make it laurel vet nonnalh the icveise is fine 'While 
pei haps a definite answei cannot be given as to the came of tlm if 
'-eoim to m that it mav he well explained on the following giound- 
V hen the excitation ieache= the auncle it affects at once mmcles the 
vontiacfion of which came deuea^e m the internal capacm of tlm 
c hambei Tim n noi uue m the case of the ventricle The excitation 

SC Hu-ihfcMt i uid IAm. Am Tom Pln-iol, 1007 win 222 
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passes down the His bundle into the papillmy sistem and is thence 
distributed to the lemmndei of flic lentucular niusculatuie It is not 
until the cnculai fibeis of the lentnole are m activity that any decrease 
m the mtenal capacity of the icntncle occurs and a n c e of mtra- 
rentriculai piessme icmlts The voik of TToiing 10 lias demonstrated 
that the papillaiy muscles eontiaet at lca c t 03 to 03 second before the 
mam mass of rentiiculai muscle 

The fact that the length of systole n e\picsecd on the electrocauli- 
ogiam, not by the distance from the beginning of I?, but fiom the end of 
R to the end of T, would seem again to point to the conclusion that the 
R wave can June nothing to do with the contraction of an} musculatuie 
which tends to deeiease the sire of the \entiicle In stiong support of 
this is the experimental pi oof of Kalin, 17 to which we ham pieviousl} 
leferied, that the muscle which, In its acliul}, produces the R warn 
must contract following this warn a much shoriei penod of time than 
does the mechanical s}stole of the \entnelc 

Tin: uelvtiox or titi lini or isoron \*n \l so 'jiil i omr vnox oi Tin 
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As has been pointed out, paiticulaih by Kiaus and Kicolai, 3 the 
electiocaidiogiam is the cxpre^ion ef the algebiaic sum of man} electnc 
potential diffeiences conducted away fiom the lieai t b} its mtenor and 
extenor smfaces to the peripheral tissues The whole heart selves as an 
indifferent conductor foi potential diffeiences arising at any point within 
the organ and the actual potential at any gnen point at any tune is due 
to the activity m this legion modified by activity occuinng at this time 
m all othei legions We may suppose to exist, as was Hist desenbed by 
Wallei, 1 m reference to any two leads fiom the extremities, a line oi 
equatoi of equipotential passing thiough the heait between base and * 
apex A preponderance of negatne potential above this line (basal por- 
tions of heart) causes the movement of the galvanometei connected until 
the tw r o hands m such a w r ay as to indicate lelatne negativity of the 
electrode connected with the right hand In leads fiom a hand and foot, 
the hand assumes this lelative negativity A preponderance of negativity 
below this line causes movement of the galvanometer m the opposite 
direction 

We have attempted to afford experimental evidence for this assump- 
tion by artificially producing a condition of negativity m vaiious regions 
of the heart and determining the effect pioduced on the galvanometei 
connected m the usual way with turn leads fiom the extremities Dead 
dogs were used The animal >vas placed m a large sheet-iron tank, the 
bottom of which v r as coveied with saline solution to a depth of seveial 
centimeters Leads to the galvanometei were made from the right 
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anterior and left postenoi extremities Six non-polanzable electrodes 
were placed on various regions of the heart These were connected with 
a switch with six contact points by means of which any one of the elec- 
trodes could be placed m a cucuit with a battery and a large sheet-iron 
plate on the bottom of the tank containing the animal By tins means 
a cunent could be sent thiougli the animal, entering by a large area 
through the skra of the back and leaving by a much smaller area on the 
surface of the heart While this condition probably resembles little the 
actual condition piesent m the beating heait m which a potential differ- 
ence arises between two points from activity of the muscle, we were able 
to demonstrate the fact that a difference of potential arising under the 
conditions of our experiment affect the galvanometer connected with the 
two limbs differently, depending on what region of the heart shows this 
change m potential The relation between different points on the heart 
may thus be compared and a line of l&opotential demonstrated under the 
conditions present Change m potential along this line causes no move- 
ment of the galvanometei A negative charge above this line causes the 
galvanometer to move m a direction indicating relative negativity of the 
electiode connected with the antenoi limb A negative charge below this 
line causes the gah anometei to nmne m the opposite dnection The 
actual position of the line of equipotential m our experiments was an 
aibitrary one and could be shifted by taiymg the position and extent of 
contact of the animal with the salt solution m the tank The relation of 
other parts of the heart to the legion tiansversed by this line, however, 
lemamed quite constant The position of the six electrodes was as 
follows 

1 (a) "Region of the sinus (Keith-Flaek) node, (b) 01 body of right 
auricle 

2 Region of the auriculot entricular (Tawara) node at the base of the 
intei auricular septum 

3 Auriculoientriculai bundle near bifurcation 

4 Left ventricular apex 

5 Right ventricular base 

G Aortic ba«e of left ventricle 

The lesults from the three experiments of this character may be 
summarized as follows: When the line of isopotential passed along the 
legion of the ventricles, a movement of the galvanometer indicating 
negativity of the antenor electrode (right fore limb) occurred when the 
current was passed through the electrodes on the sinus the light auricle, 
the A-Y bundle and the region of the Tawara nodes The extent of 
movement was m the ordei named The two ventricular bases showed 
movement m the same direction as the above and to about an equal 
degree Xo marked difference was obtained, but m two of the three 
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experiments ihe morement was slightly greater foi the aortic base than 
foi the base of t!ic light rentncle Measuiemenis fiom a iccoid may be 
gnen as follow ^ 


.Sums 

— n 

Tull nouti iculai septum 

— 12 

A-V bundle 

—10 

Loft \enli icul 11 i])e\ 

+ 1 

Right \ontiKul.u bise 

—10 

Aoitn Insi of left lenfiuk 

—10 


The figmc -5 lefei to the niow*menl of the tlnoad in millimelei** The 
minus sign indicates moicment ‘•bowing lelatnc negatmty of the 
antenor clectiode The plus ‘•lgn indicate 1 ' negatmh of the postcuoi 
clcftiodc B\ shifting the contact of (he bade ot the animal with the 
‘•alt solution in this experiment, a inoienient of the thie.nl indicating 
iclatnc negatmh of the anteiioi elec ti ode occ lined m all ca*-os The 
i elation between the c*\ t on t of mmen'ient m each cmm* lemamed howcier 
w ithout chancre 

While we leali/e that tiie application ol an\ ic-ults diawn tiom the 
aboie expci lnienls to the lionnal electiocaidiogiam must be applied with 
all due lcsciwition we bellow* the fact that the basil legions of the 
ventiiele diow smnlai i elation*- to the leach horn the limbs as do the 
supiaientiiculai legion*- ol (lie head and pai tieulail) the absence of 
any maiked dificiente between the has* of the light and left icntiicles 
is at least sugge^tne Tt would *-00111 to be opposed to the mows of E111- 
tlio\ en r ’ and Solemn - 1 that the two lenlncles in then actmty lepicsent 
the opposing influences 111 the pioduclion of the noimal clcctiocaidi- 
ogiam and would tend to lav «tics-, on the diflcience between base and 
apex 111 this connection 'Pile fact that a line of isopotcntial can he 
obtained experimentalh undei t lie conditions descnbed and that tlieie 
is geneial agi cement in the cuncs obtained with those iepic«enting 
potential changes 111 the noimal beating heait as foi example, the fact 
that aetiuty of the light auiicle pioduces always m the beating heait 
lelatne negatmt} ot the anteiioi electiode while actmti of the ien- 
tuculai apex affects moiement in the electiocaidiogiam in the opposite 
direction seem to us to otfei suppoit to the new' that noimally tlieie is 
such a legion of isopotential between base and apex and it is the balance 
of potential on the two sides of this which detci mines whethei the 
electrocaidiogiaplnc eime moic* 111 one cliiection 01 the otliei Tae 
simplest explanation of win the P waic, foi example, is monopliasie in 
the electrocardiogram fiom the extieimties while it may be diphasic m 
cliieet leads from the auricle, is that all of the actmty pioducmg it is 
above the line of isopotential Whethei 01 not the T ware is positive 
or negates e in dnection may also be well explained b} r the lesnltant of 
actmty above and below this lme In a T wave dnected 111 the same 





Fi«r ] — Electi ocai diogi am (Lead IT) and \onous pulse fiom jnan Time 
lecoid in 1/5 sec 'Jo show compaiatiie lengths o* the PR and a e internals 
and the R'l and cd internals 
Fig 2 — Similii to Figuie 1 

Fig 3 — Electi ocai diogi am (Lead If) and icnmis pulse fiom a dog to com- 
pile the length of the PR and ac niteiials 




1 lg '1 — Electi ocai diogi am fiom supcihcial leads fiom the exposed toitome 
heait to show the wa\e lining fiom sinus actmtv 1 lie leads to the galianom- 
etei weie fiom the Minis and lentnculai a]>e\ I lie lowest line signals the 
mechanical si stole of the sinus 'I he electi ocaiiliogiapluc iccoid shows a sinus 
w i\e followed hi a P and R w ue The tunc iccoid is m 1/5 second 

Fig a — Electi ot mliogiaplut cune obtained fiom the exposed toitoise heait 
(UacL fiom light amide and icnti lculai apex) m which the lentucle had ceased 
beating as a losult of the application of a second St tnnius ligatuie 'June in 1/3 
sec mtci i ils The lowest line siginls the aunculai si stole 
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Y\a 0 — Dpctioc \uUo»\ un (Lewi IT) fiom i no" ‘Oiowni" heait block 
losult of i toxic dose of moiphin I he blocked cities -how a small wne follow 
ing tin P which is inteipiited i- in un iculai J w lie 
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1 ig 7 — EUltroi u diogi 1111 (la id II ) man i nog -bowing head block as a 

result ot piis-me ipplied to the legion oi tin uiriculoientricul u nodi J he 

bloikid tide shows m iiiruulai I 'J hr lowi-t line records the me < b uiie-il 
-i -toll- oi the light ttinele 

1 ig ^ — (mu fiom dogs heut in utu with le id- t o the g ill monieti r from 
the txpo-nl i iglit inride md lroni the hit jio-termr leg lie irt block fiom 

i igu- st unu! it ion -bowing tin itininLr J 'J he lowest line record- the meehm- 

u il s\-!<dt of tin right inrich 
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Fig 12 — Action ciuicnt fiom stnp cut cios«mjsc fiom Hie inul-i cgion of a 
toitoise ventncle and stimulated nioclinnic ill} The conti action of tlie stup is 
signaled by the lowest line of the iccohI 



Fig 13 — Action current fiom the ventiicle of a cat aftei lemoval of the 
basal legions Mechanical stimulation The lowest line of the lecoid shows ie 
duiation of contraction 
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dneciion as the P, the predominant activity piodncmg it would be m the 
ventiieular bases while a T m the opposite dnection (so-called negatrve 
T wave) Mould seem 1o depend on excels of aetnity m tlie moie apicalh 
Ivmg ventuculai imiscnlatme 

Tin: iXTniiri'LJ' vtiox of thl t w.u i: 

The tanous news that lia\c been ad\anced to explain the T tvate 
bate been desenbed Oui own obsenations suppoit the tietv of HofT- 
mann, 81 m so fai as this mvestigatoi separates between conduction and 
conti action in caidiac muffle and icfeis the T Mate to the lattei 

"We hate succeeded m demonstiatmg the pie^ence of a tvate lesem- 
bhng in all chaiactenstics the V wave of the elect] oeaidiogi am in (1) 
{lie auncle of the cold-blooded heait , (2) the auiiele of the mammalian 
heart, (3) the ventiicle of the lot tone's heait aftei dcstiuction of the 
mucculatuie aiound the aoitie nng , (4) m simple stups fiom the toi- 
ioisc’s tentiicle, fiom the apical as well as the ba«al legions, and (5) 
fiom stnps cut fiom the mammalian tentiicle When isolated, and 
changes in otliei icgions pretenfed fiom modifying the eune obtained, 
all of these show as the lesult of stimulation and a sufficiently sensitive 
galtanomctei tt\o sliaipl} maiked eleetneal changes — fust, a lapid 
inonophasic oi diphasic cune, follotted by a much slottei and moie 
piolonged tanaiion Figuie 5 sltotts the cune obtained fiom a toitoise’s 
heait with a second Stanmus ligatuie and quiescent tentncle The heait 
tv as in situ and the leads to the galtanomeici fiom the light auricle and 
tentiicle Each amiculai beat shotts a lapid elect i ical change follotted 
bv a much <dot\ei tanation m the opposite dneciion The time of 
funicular conti action i« maiked by a signal (loitest cune of lecoid) In 
this paitieulai case the second wate is opposite m dnection to the fust 
nid might he consideietl as the second pail of a diphasic tanation 
Opposed to this inteipict.it ion i- the g T cal debit between (lie itto mot c- 
ments, the fact that the fust tvate lCH'inhles an It, the second a T ttatc 
and that fiequenth the ttvo motemenis aie in the ^amc dneciion, oi the 
tint mat he eleailt diphasic and tins j )C follotted aftei a time bt a slotvei 
inonophasic change Figuie 0 show- a T tvate of the auncle of a dog 
m pailiat aunculotcntnculai block lesultmg tiom a toxic dose of 
moi pilin'" The clot ti oeaidiogi am tvas obtained m the usual tvat ltom 
the light ante ! ioi and left postenoi extieimtie- Following the P tvate 
oi the blocked (tele theic l- a small but definite prolonged tanation m 
the same dnection Finnic I -hows a c mall T tvate in the auncle m 
partial auruulo. cut nculai block in the doers heait nn-mg iiom pic-mio 
on the legion of the auncnloteninculai node The position of the 
aunculai T i- mailed ht an X The lowest line of tin- iccord 1 - a 

"»7 ml XU r k IU ’rt l'U2 i\ ">u 
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suspension cune of the light amide, the downsliokc lepiesentnig sjstole 
Tlie heait was w silv, the dies! opened and Die leads to the galvanometer 
fiom the light anteiior and left postcnoi c\ti entities This watc 
occuiied legulailv m all cycles whole the conduction was blocked It is 
eudent m the unblocked cjcles that the deielopment of this wa\e would 
be impossible, ‘mice it would be entncly ob^cmcd b} the tentricular II 
i\aie Figuie S is a cune obtained fiom a dog with heait in siia and 
leads fiom exposed light auiide and loft postcnoi leg As a result of 
stimulation of the ingus the tint two cycles show only auiicular con- 
tractions The lowest line of the iccoid iccoids thc*e contractions 
Each beat of the amide causes a lapid diphasic cune followed by a slow 
inonophasic cui v e In the thud cicle the auiicular contraction is fol- 
low cd by a ^stole oi the \entnde and a diphasic \entncular cune 
obscuies the fonnation of the auneulai T urnc' H Pronounced T wanes 
have been obtained from the toiiones tenhicle aflci complete destina- 
tion of the aoitic legions and fiom xinps of \entiiculai muscle cut from 
vanous lemons of the tentucle Figuie 0 is a enne obtained fiom a 
longitudinal «tnp of \cntneulai muscle not including any of the legion 
of the aoitic base Mechanical stimulation of one end of the strip 
i exulted m a conti action with the pioduction of a diphasic cune followed 
after a considerable mlcr\al by a slow inonophasic cune Elgin e 10 is 
a cune from a slnp cut fiom the apex of a toitonc s tentncle and stimu- 
lated mechamcallv The galianoinetcr was leiy sensitne and shows 
motements that earned the shadow ofi the lecoul Theie is a monopliasic 
curve followed after a patne of otet one and a half seconds by another 
large monophasic change in the opposite dnection Figuie 11 is fiom a 
similai stnp and shows a lapid mono- oi paitially diphasic curve with 
a slowei change m the same dnection as the onginal movement of the 
gahanometei thread Figuie 12 is a cm re fiom a strip cut crosswise 
from the mid-region of a toitoise's rentricle and stimulated mechanically 
Theie is an initial electrical change followed by a slowei morement m 
the same direction 

To explain satisf actoi ily these cuives as a result of conti action alone 
would seem to be impossible In Figuie 12, foi example, it would be 
necessaiy on such an assumption to suppose that the contraction began 
at the end stimulated and spread out fiom this legion, and that aftei 
a relatively long period of time there occurred a second contraction 
following the same comse If one assumes, however, that the two elec- 
trical waves actually repiesent two different piocesses, conduction of the 
excitation and conti action of the muscle, the second following the first 
after a certain interval, the intei pi etation is not difficult 

58 Fig 13, Plate 17 of SamojloiFs papei 10 shows a well developed auricular 1 
wave m aui lculoventnculai block fiom -\agus stimulation The author ma 'es 
no reference to this in the text 
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Figui c 13 is a curie obtained fiom mechanical stimulation of the 
ventucle of a cat, lemoved fiom the body and suspended The amides 
and whole basal legion of the ventucle, including the legion of the 
ongm of the aoita and pulmonaiy aiteiy. weie cut away The lowest 
line of the iccoid lecoids the contraction It will be seen that this begins 
aftei the tiist electrical naie is completed and ends comcidently with 
the teimmation of the second electrical waie The relation of the con- 
traction to the two waves is stnlnngly like the relation of the R and T 
waves of the noimal electiocaidiogiam to mechanical systole of the 
ventncles as discussed m a pieccdmg section of this paper 

That we aie actually dealing, m all cases eonsideied aboie, with a 
naie similar m all essential details to the T wave of the electiocaidi- 
ogiam is indicated on seieial grounds In the fiist place it is difficult or 
impossible to mteipiet the eunes m any otliei way In the second 
place, the wave which lie belieie to be the T wa\e m the ventnculai 
strips shows a peculiarity m lefeiencc to its form which was first noted 
by Emthoien as chaiactenstie of the T ware of the electiocardiogram 
The T naie is characterized by a slow use and a relatnely rapid fall and 
m this is unique among physiological curies Finally, we have perfoimed 
a senes of experiments on the supposed aunculai T wave of the tortoise's 
heait which show it to undeigo lanations m size and direction under 
certain expel imental conditions which liaie been shown to be character- 
istic of the T nave of the electiocaidiogiam of the icntiicle These 
include the effect of lagus stimulation and of heat and cold applied 
directly to the heart Sanmiloff 10 has anal} zed the influence of vagus 
stimulation on the electiocaidiogiam of the f log's lieait as follons 
Dining lagus stimulation the T naie of the lentncle shows a deciease 
m the upwaid dncetion (lihen the leads are such that R is positive m 
dnection), or changes fiom a positive to a negative T The R wave is 
not affected, but the R-T mteival is dioitened Following the stimula- 
tion the T giadually returns to its noimal direction and size and the 
R-T interval becomes noimal During the lagus stimulation the T does 
not change m dnection abruptly as a lule, but the fiist effect is usuallv 
ihat along with the decrease of ihe T, a moiement m the opposite 
dnection begins pieceding the oiigmal puieli positne ware At tins 
time the T is really diphasic with the fiist moiement m the opposite 
dnection to the ongmal uaie Finally, the last part of the diphasic 
curie disappears and the T is represented by a monopliasic curve m the 
opposite direction to the original wave This also explains why the R-T 
interval is shortened The reverse process occurs during the return to 
noimal after the stimulation 

Figure It shows that similar changes occur m the T naie of the 
auricle as a result of vagus stimulation as described hi Samojloff for 
the T ware of the icntiicle The record i= fiom a tortoise's heart m 
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w Inch the ventiicle is quiescent ,is a lemlt of a second Stnnnius ligatuie 
TFie leads to the gnlvnnometei wcic fiom the light .nniclc and basal patt 
of the quiescent \entnele and me connected in Mith a wav that the P 
Male (which loi eomemence ol description inaj be designated lieie as 
the “R v wave ol the nuiiele) is directed downwind Tlie lowest line is 
the eonti action rune of the amide iceoided b) suspension It is evident 
heic, as m pi e\ ions iccoids, that the conti.ution begins aftci the “R ' i« 
(omplcted and ends neai the end of T Stimulation of the light vagus 
was begun ton aid the end of the second rude shown on the lccoid, and 
its duiation is indicated In the small oscillations it pioduces in the 
tluead of the gnlvanomctei r l lie fn "t two c\clcs aic before vagus 
slnnulntion and show an amiculai T wave m the same dncction as the 
P (nuuuilar “R ) In the thud c\(le the T lias aliened^ begun to 
manifest change in dncction as a lcsnll of \agus stimulation, while the 
“R 5 waie is unchanged In the fonitli e>clc the change is complete 
Following the stimulation the tns{ few beats «how a still fmthei devel- 
opment of tin- change with a maikcd shoi toning of the R-T mter\nl 
Tlic condition tends to jia«s oil towaid ihe end of the lecoid Figuie la 
shows a sinulai lesult to a les-. maikcd degice The conditions hcie weic 
1 he same a', m tlic picccdmg expenmont The “R * wave is diphasic 
r riic T wave hefoie stimulation is a long slow change opposite m direction 
to the initial ehingo of the “JR * Vagus stimulation, the onset and duia- 
tion of wduch i« shown bv the eflect on the tluead. dccienses the T wave 
sliglitl) m height and appaienth splits it into two pait= The “R” is 
unchanged Figuie 10 shows the tiansition stages m the change of the 
auuculai T wave as descnhed he Samo]lofl Joi the veiitnculni T The 
conditions weic the same as m picccdmg c\pciiments Befoic stimula- 
tion, the T wave i« dnected clow nw aid and is a long c low wave lescm- 
bhng tlic T ot Figuie 15 The iceoiding appaintns was stopped foi a 
shoit time follow me the vagus stimulation and dnimg the iocover\ a 
diphasic T wave with the initial change in ihe opposite dncction to the 
oiigmal T is appaient The onset of anneukn svstole m this iccoicl is 
maikcd be a signal 

Stiaub 20 has shown that m the tiog wanning the hcait inci cased the 
M/e of the T wa\e of the ventncle while cooling the veivtncle causes the 
T 1 wave to become small oi negative Wc have found that the T wave 
of the auncle of the toitoise behaves snnilailv Figuie 17 shows the 
effect of application of cold Rmgci’s fluid (t C ) to the exposed heaif 
of the toitoise The \entiicle was quiescent as a result of a second 
iStannius ligatuie r Ihe leads to the galvanometer were fiom the light 
auricle neai tlic tip and tlic base of the quiescent ventilate The cold 
saline solution was applied aftei the tlind cycle The effect is a prac- 
tically complete abolition of the T wave of the auncle The P weave is 
also l educed and shows division Figuie 18 is fiom a similar piepaiation 
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and shows the effect of application of Ringei’s solution at 412 C The T 
wave mcieases m size from 10 to 20 millimeters The effect m each case 
passed off shortly after the records shown and the condition returned 
to normal 

In a recent paper. , B0 m which we have attempted to tiace expeu- 
mentally the course of the excitation ovei the toitoise lieai t, we have 
given a numbei of facts which we believe incompatible with Gotch’s 
intei pi etation of the T wave The excitation m its spiead ovei the heart 
was traced by means of the action cunent recoided by leads fiom various 
points on the surface of the heart The experiments aie fully described 
m this napei and only ceitam points will be lefened to lieie In leads 
to the galvanometer fiom the aoitic base and apex of the ventricle, the 
negativity m the foimei pieceded m all of eighteen experiments In 
eleven of these the T wave was m the same direction as the initial move- 
ment of the B. wave, m seven it was m the opposite dnection It is 
difficult to understand on Gotch’s view how the T wave can ever be 
opposite to the It in this lead, since such a featuie would imply, on Ins 
interpretation, terminal activity of the apex In the expenments of this 
senes eighteen difl’eient leads from vanous legions of the heart were 
compared In twelve of these leads the results weie uniform m a great 
majority of the experiments as to the dnection of the initial movement 
m the R wave In some of these cases the R was monophasic, m others 
diphasic, and this was true not only m different leads m the same heart, 
but the same lead in different heaits Marked variability was present, 
howevei, in the dnection of the T vare The vanations m one lead, 
the aoitic base and apex, aie given above While m most leads there 
was a distinct majority of cases m which the T ware had a certain 
direction in relation to ihe dnection of the R, and thus a moie or less 
typical curve foi any given lead, exceptions weie always piesent and in 
some cases the T was m the opposite oi m the same dnection as the R m 
about an equal numbei of cases Ceitam othei examples of this besides 
the aortic base-apex lead may be given In eighteen left antenor base 
and apex leads the R ware m all cases was m a direction indicating 
pumaij negativity of the base The T wave was m the same direction in 
twelve cases, m the opposite direction m six In the lead fiom the left 
and light postenoi ventncular bases, the foimei showed initial negativity 
m eighteen of twenty-three cases In these eighteen cases the T was m 
the same dnection m ten cases, m the opposite direction in eight Many 
othei examples could be given, but these aie sufficient to illustrate the 
fact that the T wave m the same leads fiom the heart may vary ni 
direction m reference to the R to a maiked degiee Two heaits which 
show m the vanous leads exact!} the same sequence of activity in the 


50 Meek and Ejstei Am Join Physiol, 1012, \xxi, 31 
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different legions, n<= indicated b> the dneetion of the R waves may thm 
have T waves in the opposite dneetion If the T wave as 'well as the R 
is to be icfeiied to conduction of the excitation we should ha\e to assume, 
theicfoic, maikcd dillci cnees m the spicad of tlie excitation m these two 
cases In each case tlie initial com so of the impulse as shown by the 
‘same dneetion of the R waves is tlie came, but if the T wave is involved 
in the mtci pi elation the final coulee of the impulse would be exact!} 
opposite Tliat tlie initial com so should be s 0 constant, while tlie 
terminal com sc shows such maiked vai muons, would seem veiy nnpiob- 
ahle A much mofc c atisfaetoiy explanation, and one more in accoid 
with otliei known facts, is to assume that the R and T waves lepicsent 
different phenomena The fonnci we believe to be icpiesentatnes of 
the spread of the excitation, the lattei of the active contraction of the 
muscle Since the spicad of the excitation in the normal heart is 
piobablv a constant facloi, the R wave in the same leads from different 
hear ts is piaclicall) constant in dneetion The dneetion that the T wave 
assumes in i elation to the R is probablv detei mined bj the legion of 
the vcntncle that manifests the giuitesi activity m the contiaetion 01 
that remains conti acted foi the longest tune Mam known experimental 
influences ma> modify tlie extent of conti action in diffeient regions of 
the ventricle and such modifications piobabl) occui as a result of the 
action of vanous unconti oiled faclois in mam experiments, particulailv 
when the heait is exposed Whcthei this be the tine explanation 01 not, 
the facts stated oflci othei examples of venations m the dneetion and 
character of the T wave with unchanged R wave and offei additional 
suppoit to the view that these two waves represent essentially difleient 
activities m the heait 

Tlie R wave with leads fiom two points on the exposed heait, 01 
fiom tw'o ends of a stup of caidiac muscle ma} be either monophasic 
01 diphasic The same lead in two heaits may give a monophasic R m 
one case and a diphasic R in the othei The cuive obtained m the 
passage of an excitation ovei a muscle between two elcctiodes is usually 
diphasic, but as is well known, monophasic curves aie not mfiequent 
The appaient explanation m the lattei case is tliat the activity associated 
with the excitation, while spieadmg to the second electiode, remains pie- 
pondeiant at the legion of the fiist electiode 

A fuithei point may be noted in lefeience to oui expenments on the 
exposed heait of the tortoise, namely tliat the size of the T wave is 
usually greatest when one 01 both of tlie elcctiodes were on a pait of 
the heart which enteis into stiong contraction The smallest T waves 
were obtained fiom leads fiom tlie am lculovcnti lculai ling wlieie con- 
ti action is veiy small 
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We shall not attempt to give m tins papei a review of the lather large 
literature concerned with the question as to whethei conduction and 
contraction are to he regarded as different phenomena m skeletal muscle 
The studies of v Brucke 00 and Hoyons, 61 concerning the action of 
asphyxia on the relation between the action cuirent and extent of con- 
traction would seem to show that the two may vary independently The 
mere fact that a nerve manifests conduction and no contraction would 
suggest ihe possibility of the independence of the two processes m muscle 
The experiments of Hoffmann on the heart m which contraction was 
abolished by drugs and the E wave unaffected, have been referred to m 
detail Trendelenburg, 02 m a recent study of the 1 elation between the 
refractoiy phase of the heart and the action cunent, finds that one may 
be made to vary independently of the other He finds also m standstill 
from muscann, that the action cunent of the heart may be very little 
affected 

The noimal eleetioeardiogram is usually descubed as showing a level 
phase between the end of the R and the onset of the T wave, explained, 
as we have seen, by most wi iters as due to simultaneous contraction of 
the whole musculature of the ventnele and the numerous action currents 
arising neuti alizmg one anothei so as to give no demonstrable difference 
m potential This explanation has been objected to by certain writers 
(Rautenberg, Eehfish) on the theoietieal ground that such a peifect 
antagonism could not be expected m all cases We have become con- 
vinced by a study of our electrocardiographic curves, as v r ell as those 
published by others, that the noimal electrocardiogram is not charac- 
terized by a period of equal potential between base and apex at this time 
In the great majority of records, especially when the galvanometer is 
somewhat more sensitive than that ordinarily used m recording electro- 
caidiograms from man, the cuive shows a giadual rise following the end 
of R (or S) When the T is well developed the cuive may proceed 
upward at once on the completion of the R without any evidence what- 
ever of a horizontal period Recoids obtained from the same individual 
with successive mciease m the sensitiveness of the galvanometer, show 
that the apparently honzontal poition of the electrocardiogram dis- 
appears with increase m delicacy (Rig 19) The condition, therefore, 
which gives rise to the T wave is actually present very soon after the 
termination of the R wave It may reach its full development rapidly 
and the crest of T be reached without mtenuption, or at first it may be 
present m relatively small degiee and develop more rapidly toward the 
end of svstole 

GO v Brucke Aich f d ges Plijsiol, 190S, cxxiy, 215 

61 Xoyons Onderzoeck physiol Lab Utieclit v Ruks , 1909, x, 215 

G2 Trendelenburg Arch f die ges Physiol , 1912, cxliv, 39 
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Otu own expci niienis and <i icview of the hlci.iiuie has led ns to 
agiec e^cnlialh mill ihe lnloipiet.ifion of Hoflmann, flint the nonnal 
elect loemdiognim is the explosion oi two ddfcicnt pioce ct -e i - occnnmg 
m the henit imntle dm in? its nctivih nameh the ^piead of tlie 
excitation and the meeliameal shouening of the muscle The facts which 
speak fot ‘•uch a mcw' max he staled bncfh In ilic none where con- 
duction alone is present, a single monophnsir oi diphasic elecinc response 
is obtained Jn skeletal mindc Urn lajnd elcfiiieal change is followed 
h} a slow oi and moic piolonged mnnophaMe vanafion The c e two clce- 
tucal manifestations, )>i e^ont al c o in c.ndiac muscle fiom all paits of 
the \cntncle as well a 1 - fiom the aniule, maj van indepcndentl), one 
ma^ be abolished and the othei poisjsf. oi eithei max change in ^i/e 
independent!} of the othei 

The electiocaidiogiam as obtained m the usual wax with leads fiom 
the extremities js an expulsion of tho-e two piocesses .In the usual 
electiocaidiogiam theie is no elertncal expie^sjon of the contiaction of 
the nimele, xxlulc the eleetinal ex.pi c^ion of the xentiicular contraction 
is evident ('J' wave) This i« due to the fact that the xentiicle contiacis 
much moie sfiongh, but espcciallx flint the elecinc wave insulting fiom 
fins contiaction is not ob«cmed b\ am pioce-s of conduction occnnmg 
at this time I’lic auneles dining then contiaction as xxell as the xen- 
tucle develop deduced oncigx hut the movement of the gaixanonietei 
that is pioduced is oidinanlv ob=t med bx the wave (P) associated with 
conduction of the excitation m the xcnfnclo When such conduction is 
pievented (am iculoxcnti iculai heait block isolated amides), the con- 
traction of the amides causes a definite decliicnl change (T wave of the 
amide) to he evident on the electiocaidiogiam 

The P wave of the electiocaidiogiam is to bo icfeiied to passage of 
the excitation fiom the point of oiigm m the sums legion oxer the 
auricle In the cold-blooded heait wlieic the activity of the sinus and 
of the amide aie sepaiated bx r a i el.itix cl3 r long interval, the P wave is 
preceded, when the gatvanometei i= culTieiently sensitive, by a wave lepie- 
sentmg the passage of the excitation ovei the sinus In the mammalian 
heart, on the other hand, xvheie the sums is closely mcoipoiated with 
the right auricle xvlnle its activity precedes that of the amide by onlv 
a veiy slioit penod ( 03 second), even with the most, sensitive gal- 
vanometer no evidence is obtained of a separate activity preceding the 
P wave Theie may be, howevoi, a division of the P wave wdien the con- 
duction is delayed between the sinus and amide and the conditions 
approach that piesent m the cold-blooded heait ITndei noimal con- 
ditions m the mammalian heait, howevei, the P wave is due m part to 
smus activity, as is shown by comparative measurement between the 
onset of sums activity and am iculai contiaction, on the one hand, and 
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of the E wave and auricular contraction on the other hand Whether 
or not the passage of the impulse through the aunculo ventricular con- 
ductive system, the His bundle and its mam branches to the right and 
left ventricle enters into the formation of the E wave, is not clear from 
our present knowledge Against this is the presence of an E wave in the 
cold-blooded heart, where the aunculoventncular conduction system is 
less specialized and m conduction between any parts of the ventricle or 
over a strip of heart muscle It is also extremely difficult to explain the 
Q wave on this assumption While this wave may perhaps not be a 
feature of the strictly normal electrocardiogram, it is present m many 
cases, and must be explained when present Hoffmann does not commit 
himself to the exact portion of the conducting system which is respon- 
sible foi the E wave Nicolai has attempted to explain, however, m 
detail, as we have seen, how the various normal modifications m the E 
group (Q, E, S) may occur by variations m the distribution of the 
impulse to the ventricle It would seem that more experimental knowl- 
edge is necessary before we will be m a position to state exactly what 
anatomical structures are involved m this intei pi etation We believe the 
evidence is sufficient at present to refei the E group mainly or exclusively 
to the process of conduction of the excitation The question as to the 
exact structures involved we believe to be capable of experimental test 
and we hope to return to this m a later paper 

Tlie T wave of the ventricle m the normal electrocaidiogram we 
believe to be the expression of pieponderance of contraction on one side 
of the line of equipotential Whether this wave is directed m the same 
or the opposite direction to the E wave depends on a balance between the 
action current produced by the contracting muscle on each side of this 
line The direction of the T wave and its size m either direction would 
seem to depend on (1) the position of the line of equipotential m 1 ela- 
tion to any given lead, (2) the extent of contraction of the ventricular 
muscle as a whole and (3) the relative degree of contraction m the basal 
and apical regions of the ventricle The T wave is essentially a mani- 
festation of contraction and occurs as a result of contraction of cardiac 
muscle from all parts of the heart Its size and direction m the electro- 
cardiogram is, however, modified by the factors named 
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A Text Book or Pathology ion Sxum \ts or MroiciNr Bj J George Adnmi, 
MA, MD, FBS, nnd John McCrne, MD, MB CP (Lond ), illustrated 
viitli 304 engravings and 11 colored plates Lea L Febiger, Philadelphia, Pa, 
1012 

The task of preparing this book in one volume, which was cvidentlv set on the 
shoulders of the authors bj the publishers, is no small one Dr Adami and Dr 
McCrne deserve great credit for having constructed out of the large text-book a 
Eingle volume of <=o much merit For it is not merclj a condensation of the large 
treatise, but a text -book intended for a somewhat different purpose nnd, therefore, 
devised according!; An attempt has been made to present the student with the 
fundamental framework on winch our ideas of di c eases arc based, and in doing 
tins time and space have been devoted rather to a consideration of the genernl 
pathological processes and nbnormnl disturbances of phjsiologj, than to minute 
nnd accurate descriptions of gro«s anatomic il nnd microscopical lesions 

It follows, thcrcfoic, that the five chapters on “General Pathologv” lead one 
almost half wav through the volume of some 700 pages The plan adhered to in 
the treatment of this section follows fairlv closeh, that of the large volume 
There has been, however, selection as well ns condensation, nnd though m places 
the text would seem to be a little difficult for the beginner to follow, the concise 
descriptions arc m the main clear, nnd to the point 

It seems to us, too, that the treatment of the special pathology has been very 
deftly arranged Manifestly, it is impossible in a book of this size to nirmsli 
comprehensive descuptions of anatomical lesions, and, indeed, n good illustration 
is often worth pages of text &ueh descriptions have therefore been relegated to 
a comparatively unimportant position, though of course mention is at least made 
of all departures from the anatomical normal An excellent feature of this second 
part is a concise discussion of the pathological physiology of the various systemic 
diseases, which, after all, in such a ticatisc furnishes the student with a readable 
and fundamentally coirect introduction to the subject Thus in the chapter on 
special pathology of the blood and cardiovascular sjstem about fifty pages are 
devoted broadly to pathological pbjsiologv, and thirty to morbid anatomy 

The introductory discussions to the chapters on diseases of the respiratory sys 
tem, nervous system and urinary tiact, though not so extensive, are also good, 
and to he greatly commended The same method might have been carried out with 
perhaps more telling effect m the chapter on diseases of the digestive system, ^and 
a similar discussion, and short chapter devoted to diseases of the glands of internal 
secretion, wouid have added much to this second part 

One need not expect, therefore, to find m this book more than an outlined 
description of morbid processes per sc, but be will discover a discussion, m frame- 
work, of active pathological processes, winch serves as an excellent and readable 
introduction to the study of active diseases Aside from the fairly numerous half- 
tones, there are two or three colored plates of really great beauty 
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OBSERVATIONS ON THE COMPLEMENT FIXATION TEST 
FOR SYPHILIS WITH CADAVER SERUM 


RUSSELL L CECIL, M D , and ALBERT R LAMB, M D 

NEW YORK 

The question of the reliability of the Wassermann reaction as applied 
to post mortem sera, is an important one, not only from the theoretical, 
but also from the practical standpoint The purpose of this paper is to 
review briefly the work already done along this line, and to report our 
own experiences with the Noguchi modification of the Wassermann 
reaction on sera obtained after death 

The literature bearing on the subject is nearly all German, and it is 
therefore m that country that there has arisen the most discussion and 
disagreement as to the value of the reaction The question has hardly been 
touched on m American literature, and only recently m the English 

It was only two years after Wassermann made public his test that 
Frankel 1 and Much (1908) published the first paper on this reaction, as 
applied to cadaver serum They used several varieties of antigen, obtain- 
ing consistent Tesults with each Of eighty-seven cases examined, they 
found thirty-seven positive (42 5 per cent ) The positive results included 
five cases of scarlet fever They concluded that the test was reliable and 
of great value m pathological anatomy As a result of their work they 
considered mesaortitis certainly luetic, but sclerosis of the testicle not 
always so. 

A paper by L Pick and Proskauer 2 appeared about the same time 
They devoted most of their attention to cases showing some anatomical 
evidence of lues Cases of benign stricture of the intestine, sclerosis of 
the testicle, smooth atrophy of the base of the tongue, aortitis, etc , were 
studied, and the conclusion reached that the test was a valuable asset to 
pathological diagnosis 

In the same year Bruch 5 came out against the leaction. He obtained 
fifty-nine positive reactions m 101 cases, among them a considerable 

♦Submitted for publication m The Archives Dee 2, 1912 

♦From the Pathological Laboratory of The Presbyterian Hospital, Columbia 
University, Hew York 

1 Frankel and Much Munclren med Wchnschr , 1908, Iv, 2479 

2 Pick, L , and Proskauer Med Khn , 1908, xv, 539 

3 Bruck Die Serodiagnose der Syphilis, 190S, 47, Fol Serol , 1910, iv, 395 
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number m winch theie was no eudence of lues He concluded that the 
reaction citi biologischc , mcht cm cadavcuschc phenomenon,” and 
that it was unreliable when pcrfoimed with post mortem specimens Two 
years later he still belieied that the test could neier become reliable, 
because flic erroi was not one of technic, but of seium alteiation. He 
suggested the necessity of conti oiling the post mortem lesults by leactions 
done during life. 

In 1909, Beinhait* repoited tlnrty-fne cases m wdnch the results of 
the reactions coincided with Ins clinical and anatomical findings The 
reaction was positive m Ins cases of mcsaoiiitis and sclerosis of the 
testicle. 

Lolilem 0 published two papers m the same year and one m 1910. In 
all he covers neail) 500 cases He obtained some anomalous negative and 
positive results He admitted that there was a source of error some- 
where, and was inclined to refei his positive reactions m cases giving no 
signs of lues, to this unknown ciror, rather than to latent syphilis He 
thought that Bruch’s results w ere due to the fact that the serum was not 
collected soon enough after death, a suggestion which Bruch partially 
accepted He believed that only those cases should be considered positive 
m which there wns complete inhibition of hemolysis On the whole, he 
considered the test reliable and of value in pathological anatomy 

At the meeting of the Geiman Pathological Society m Leipzig m 
1909, at which one of Lohlem’s papers w r as read, Schlimpeit 0 expressed 
skepticism as to the value of the test While acknowledging its specificity 
during life, he did not believe it could leach the same importance m 
cadavers He reported forty-five positive results m a series of 261 cases 
Hine of the positive cases gave no evidence of lues, eight, diagnosed as 
progressive paralysis, lacked anatomical verification, and one positive 
result was m scarlet fever He acknowledged the possibility of latent 
syphilis m some of these cases, but thought that cachectic diseases might 
sometimes cause a binding of complement He concluded that while the 
test was of high theoretical interest to the pathologist, it could attain a 
position of only limited practical significance m pathology 

Swift ‘ examined four cadaver sera and ten spinal fluids from cadavers 
by both the "Wassermann and the Hoguchi methods, and obtained better 
results by the Wassermann method Ho anomalous positive reactions, 
however, were encountered m either series 

4 Reinhart Munchen med Wchnsclir , 1909, Ivi, 2092 

5 Lohlem Yerhandl d deutsch path Gesellsch , 1909, Tag p j 
F ortschr d Med , 1909, xxvn, 97 , Fol Serologica, 1910, iv, 227 

6 Sehlimpert Yerhandl d deutsch path Gesellsch , 1909, xm, Tag p 

* Swift The Archives of Int Med , 1909, iv, 376 
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At a meeting of the German Pathological Society in Erlangen m 
1910, Lueksch 7 reported a series of 300 cases, 50 per cent of which were 
positive In nineteen, the test was controlled by ante mortem examina- 
tions, and in each instance the two were found to comcide. He believed 

that a pathologist could not depend alone on a positive reaction for the 
diagnosis of syphilis 

In the discussion following Luekseh’s paper, Lubarseh 8 reported fifty- 
five positive reactions m 262 cases In sixteen of these there was no 
evidence of syphilis. He considered the reaction valuable, but insisted on 
the use of several antigens 

Schmorl 0 stronglv urges that only complete inhibition be considered 
positive Marehand 10 agrees with Lohlenr’s views, and Simmonds 11 

believes that positive results in non-specific cases are due to severe 

cachexia, sepsis, etc 

Veszpremi 12 has published his experience in 131 cases Of these, 
thirty-one had to be discarded on account of changes m the sera which 
rendered them unfit for use In the remaining 100 cases, he also pei- 
formed many reactions on the spinal, pericardial, pleural, ascitic and 
hydrocele fluids Of the sera, 46 per cent were positive All but three 
of these agreed with the anatomical findings The negative cases showed 
no clinical or anatomical evidence of syphilis He gives a table showing 
the most frequent changes found m eases with positive reactions Mesaor- 
titis ranks first, occurring in most patients over 40 years of age, next, 
chronic fibrous meningitis In simple arteriosclerosis the reaction was 
always negative. Mixed cases of arteriosclerosis and mesaortitis were 
most often found in later years (50 to 60), and gave positive reactions 
In part he controlled his reactions by ante mortem tests, and found all 
m agreement exceptmg one case. The spmal fluid was never positive 
when the blood was negative, but in twenty-three of thirty-nine cases the 
blood was positive and the spinal fluid negative The transudates agreed 
with the blood m about 90 per cent of the cases He concludes that the 
Wassermann reaction can afford valuable aid m the solution of some 
contested problems in pathological anatomy Lucksch, however, m 
reviewing this work, comes to a less favorable conclusion. 

7 Lucksch Munchen med Wchnschr , 1910, Ivn, 1261, Verhandl d deutsch 
path Gesellsch, 1910, xiv, Tag p 249 

8 Lubarseh Verhandl der deutsch path Gesellsch, 1910, xiv, Tag, 250. 
Discussion by Lucksch 

9 Schmorl Verhandl d deutsch path Gesellsch , 1910, xiv. Tag, 250 Dis- 
cussion by Lucksch 

10 Marehand Verhandl d deutsch path Gesellsch , 1910, xiv, Tag , 250 
Discussion by Lucksch 

11 Simmonds Verhandl d deutsch path Gesellsch, 1910, xiv. Tag, 250 
Discussion by Lucksch 

12 Veszpremi Centralbl f allg path u path Anat , 1910, xxi. No 5 p 193 
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Kieftmg 13 found that tv, cnty-four out of ninety-six cases m which 
syphilis could apparently be excluded, were positne In anothei publica- 
tion he found that this icaction threw valuable light on the cause of aortic 
insufficiency, the lesults of the tesB conesponding almost always with 
the post-moitem findings 

Seligman and Blume 14 icpoitcd 100 case= The} used a numbei of 
antigens and no test was consideicd positne unless there was complete 
inhibition of hemotysis with moie than one of them Although they had 
a few discordant results, the} believed that the test was to be depended 
on, except where death was due to some wasting disease 

De Besche 10 obtained positne icactions in po^t mortem ca^es of tubei- 
culosis, peimcious anemia and cancer Ills natural infeience was that 
the test was of a \ei) limited talue with cadaver blood 

Eicli 10 investigated the pioblcm villi special reference to mesaortitis 
He gaie a faiorable verdict 

Lubarsch 17 examined 623 sera, of which ^eientj-nme had to be dis- 
carded Of the lemaimng 544, 109 weie positive, of which foity-one 
gaie no trace of luetic infection 

Hauwerck and Weicheit 18 had to discard thnty-six of 243 sera Of 
the lemamder, fifty-seien were positne The} considered the method 
trustworthy and useful m pathological anatomy. 

In October, 1911, ion Weidt 10 ga\e a icry compiehensive review of 
the whole question, with a full bibliogi aph} up to that time He investi- 
gated 329 cases Of these forty-se^n ucic positne, 256 negative, and 
the rest doubtful oi unsuitable for use on account of post mortem change 
m the serum So he had positive reactions in 1 5 5 per cent of 303 cases, 
a low figure compared with Brack’s 58 per cent , Lucksch’s 46 per cent , 
and Yeszpremi’s 46 pei cent Of the foity-seven positive cases there 
were twenty-five which were piobably not syplilitic He examined many 
of the cases micioscopically and found that there still remained a toler- 
able number of anomalous positive reactions after every means had been 
employed to discover some trace of syphilis He concluded that if only 
complete inhibition be accepted as positive, and that if sera from patients 
with cachectic diseases be discarded, the xeaction was dependable, but of 
restricted value 

In March, 1912, Candler and Mann 20 m London reported on their 
examinations of 112 spinal fluids taken post mortem In 92 per cent 

13 Kreftmg Norsk Mag f laegevidensk 1910, p G5, Deutsch med Wclinsclir, 
1910, xxxvi, 366 , cites Centralbl f Path u path Anat , 1910, xxi, 354 

14 Seligman and Blume Berl klin Wchrischr , 1909, xlvi, 116 

15 De Besche Berl him Wchnsclir , 1910, xlv.i, 1259 

16 Eich Frankfurter Ztschr f Path, 1911, mi, 373 

17 LubaTsch Jahresb f aerztl Fortbild , 1911, i, 67 

18 Namverck Munchen med Wchnschr , 1910, lvn, 2329 

19 Von Werdt Cor-Bl f schweiz Aerzte, 1911, xli, 993 

20 Candler Brit Med Jour, 1912, i, 537 
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of these the blood-serum was also investigated Of the 112 cases of spinal 
fluid twenty-five were positive All of the positive results were m cases 
of general paralysis, and m eight, positive reactions had been obtained 
during life Three cases did not agree with the anatomical and clinical 
findings, hut m these the spinal fluid was altered They therefore 
obtained apparently correct results in 98 per cent of the cases with the 
sera They observed anomalous positive reactions m 8 3 per cent In a 
case of general paralysis dying of terminal streptococcus meningitis, the 
spinal fluid was negative This strain of streptococcus, when inoculated 
into a known positive spinal fluid, deprived it completely of inhibitory 
quality They therefore considered this the cause of one anomalous 
result. 

The same writers bring out the point that infected or decomposed 
spinal fluids may not only give a positive leaction m a negative case, but 
that under the same circumstances a known positive case may be made 
negative By usmg 0 5 per cent phenol as a preservative, they obtained 
constant results over a period of several months with the same specimen 
of spinal fluid They concluded that the test is a very helpful one, but 
not so reliable as during life 

McIntosh and Fildes 21 m their book, gave a very concise review of 
the question up to 1911 They believe that some of the anomalous 
positive reactions are probably due to latent syphilis As they consider 
post mortem sera to have more inherent power of inhibition than serum 
from living cases, they advise using somewhat less antigen than usual, 
and a control with twice the normal amount of serum alone With these 
leservations they consider the test applicable to pathological anatomy 

In 1911, Wolff 22 of Amsterdam, published a paper on this subject, 
which was especially interesting m that it represented the first serious 
attempt to really discover the cause of the anomalous positive cases 
Other investigators had attributed them to latent syphilis, or to changes 
m the serum which they did not attempt to explain He attempted to 
discover the nature of this change He was led to do this by his very bad 
preliminary results m which he obtained 50 per cent of anomalous 
positive reactions, and found a number of sera unfit for use He was 
working under unfavorable conditions, such as warm weather, lack of 
cold storage, etc He showed that these anomalous positive sera contain 
a larger quantity of inhibiting substance than fresh normal sera He 
had to use a larger quantity of complement to obtain hemolysis after 
these sera had been added to the hemolytic system than was necessary 
with normal sera, known positive luetic seia from living cases, etc 

He then found that by adding BaSo 4 to the sera (Weehselmann’s 
modification of the Wassermann reaction), this inhibiting substance 

21 McIntosh and Fildes Syphilis from the Modern Standpoint London, 1911 

22 Wolff Ztschr f Immunitatsforsch , Ong, 1911, xi, 154 
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could be icmoved without otherwise affecting the reaction. It also made 
possible the use of some sera which previously had to be discarded He 
investigated 2G0 cases by both methods. Theie were seicnteen positive 
cases,, six of which ga\e no trace of syphilis In thiity-thiee further 
cases in which syphilis could appaicntly be excluded, he obtained positive 
icactions by the oiigmal Wassermann, but negatne results after the 
addition of barium sulphate After consideiable further expenmentation 
as to the nature of this inhibiting substance, lie decided that it was a 
lipoid, diffeient from the substance causing the specific fixation of com- 
plement, but similar to the aclne ingredient of luetic lner extiact He 
belieied this inhibiting substance could be lemoied by the use of barium 
sulphate, and that after such lemoial the test was of lalne m pathological 
anatomy. We have had no experience with this method 

From this review of previous voile it is at once appaient that there 
is still a considerable difference of opinion ns to the reliability of the 
test m pathological work There arc some points which we would further 
emphasize In the first place, all woikers ha\e met with sera which were 
unfit for use and had to be discarded Of couise this makes any test 
impossible m such cases, and thereby imposes one restriction on the 
reaction m post moi tern work This condition of the sei um is, m most 
cases, due to the time winch has elapsed betxveen death and the collection 
of the blood, and can accordingly be avoided m most cases by taking the 
serum sooner post mortem 

The limitation imposed by infection of otherwise good serum is not 
one which affects only the post mortem use of the test, for it is equally 
applicable to sera taken during life, it being W'ell recognized that such 
seia gixe unreliable lesults The anomalous negatne results have not 
troubled investigators to any extent They come fairly well within the 
range of similar results during life In fact, the one great difficulty has 
been to explain the positive results m cases where syphilis could not be 
elicited from the history, or proven by the anatomical findings All 
investigators have obtained these results Even "Wolff, who believed 
barium sulphate capable of removing the inhibitory substance, found that 
it did not do so m all cases These anomalous positive leaetions have 
been too frequent to permit of much faith m the theory of latent syphilis 
Wlnle a few investigators have been distinctly skeptical as to the value 
of the test in pathological anatomy, the majority have, with certain 
reservations, considered it of considerable value 

Our own series of fifty-six cases is small. However, as there has been 
no interest shown m this phase of the Wassermann reaction in this 
country, and as these results represent the first repoited extensive use of 
the Hoguchi modification of the Wassermann reaction for this purpose, we 
believe it well to put them on record 
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The eases may he divided into two groups as follows : 


1 Positive Reactions Cases 

Syphilitic aortitis 3 

Congenital syphilis 2 

Cerebral hemorrhage 1 

Total 6 

2 Negative Reactions 

Acute infectious diseases 10 

Carcinoma 7 

Diabetes mellitus 5 

Marasmus 5 

Chronic diffuse nephritis 4 

Chronic endocarditis 4 

Tubeiculosis 3 

Bullet wounds 3 

Fractures 2 

Cirrhosis of liver 1 

Lymphatic leukemia 1 

Aneurysm of thoracic aorta 1 

Suppurative arthritis 1 

Internal hemorrhagic pachymeningitis 1 

Duodenal ulcer 1 

Sarcoma 1 

Total 50 


Of the six positive eases, five were unquestionably syphilitic, as shown 
by the histories and anatomical findings The remaining case, a cerebral 
hemorrhage m a boy of 13, was quite suggestive His mother had had 
four miscarriages At the autopsy, an extensive hemorrhage was found 
m the right tempoial lobe, and there was beginning atheroma of the arch 
of the aorta Many large microscopic sections of the brain were studied, 
but the} failed to show any signs of a glioma 

The histories and anatomical findings of the fifty negative cases were 
also carefully studied In forty-nine there was no evidence of any kind 
to suggest syphilis The remaining case deserves a little more considera- 
tion It was a case of a laige aneurysm of the thoracic aorta m a man 
52 years old There was absolutely no histoiy of syphilis He was under 
observation at the hospital over a period of three years, during which time 
three separate Noguchi-Wassermann reactions were found negative by 
three different observers There was nothmg found maeroscopically or 
microscopically at the autopsy to suggest syphilis As the post mortem 
reaction agreed with the three taken durmg life, it would seem that the 
results were perfectly reliable In eleven of our cases, the reaction had 
also been done during life, and tallied m every case with the post mortem 
reaction This method of controlling the reaction is the surest way of 
deciding on the reliability of the test 

Our work was done under favorable conditions All but six of the 
cases were from the pathological department of the Presbyterian Hospital, 
where it was quite exceptional to have the body more than twenty-four 
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horns old at the hrno of collecting the seium In most cases it was taken 
within a few houis of death, and, at tunes, while the body was still warm 
In about fine out of seien cases m which the body was more than twenty- 
foui liouis old, the serum had to be inactivated The sixth case requiring 
inactivation was one of measles, and the other was the case of thoiacie 
aneurysm, m which the Q ei um was eleien dajs old at the time the test 
w as done. 

The six cases •which did not come fiom the Pie^bylenan Hospital 
were fiom the moigue at Bellciue Hospital There were also a few 
cases from this souice which weie not included m the abo\e tables, as the 
seia were from bodies seieral da}s old and unfit for use The blood was 
transfoimed from its normal siiucture into a thick iiscid fluid, from 
which no serum could be separated by centrifuging 

In most of oui cases the test was done within a few days of the time 
wdieii the blood was taken In onh one was it postponed for oiei a week, 
and m this case mactnntion was necessary. Ilowcier, m this connection, 
it might be well to add that we hnie fiequcntly found that when the 
active serum was kept on ice, it ga\e lelmblc icsults, e\en after two weeks 
standing 

In this work we haie used the acetone insoluble lesidue of an alcoholic 
extract of human heart muscle as antigen Hi Hogucln has shown 
clearly that such an antigen contains less anticomplementary substance 
than the pure alcoholic extract As piactically all workers are agreed 
that one of the chief difficulties of the test lies m the increased inhibitory 
power of cadaier serum, it would seem particularly desirable m post 
mortem woik to use an antigen as nearly free fiom anticomplementaiy 
substance as possible 

Most of the German woikeis have employed alcoholic extracts of 
syphilitic liver as antigen "We know r of no previous woik in which the 
acetone insoluble antigen has been used Trankel and Much’s satisfactory 
results were obtained with an alcoholic extract of normal liver Bruch 
thought that possibly the difieienee between his results and those of 
Lohlem could be rectified by their using the same antigen He therefore 
substituted an aqueous for the alcoholic extiact, but still obtained the 
same unreliable results Seligman and Blume used aqueous and alcoholic 
extracts of both syphilitic and normal livers We believe that the 
acetone insoluble antigen is preferable for tins woik, and that its use 
will eliminate many of the discordant positive results 

Another factor of perhaps greater importance is the condition of the 
serum As we have seen, m some cases, usually m subjects no longer 
fresh, the test cannot be done at all, as the blood has been transformed 
into a thick, giumous mass from which no serum can be obtained In 
other cases, where the serum separates normally from the clot, it is 



RUSSELL L CECIL— ALBERT R LAMB 


257 


nevertheless infected, and, as with sera from living subjects nnder similar 
circumstances, the results are not dependable. 

There is still another class of cases in which there is no visible change 
m the serum, but in which, nevertheless, there develops anticomplemen- 
tary power in varying degrees It is with these cases that investigators 
have had the greatest difficulty, and on account of which the test has 
been, by some, condemned While we feel confident that the use of the 
acetone msoluble antigen in our cases has, to some extent, eliminated the 
difficulties inherent in these sera, we believe that it is impoitant that 
more work be done to determine the nature of this inhibiting substance 
A few of our cases needed inactivation on this account, but were perfectly 
satisfactory after the serum had been heated. In this small series of 
fifty-six cases our results have been most satisfactory There is only one 
possibly anomalous positive result, that of the cerebral hemorrhage m a 
boy of 13 years From our expenence with the test we are inclined to the 
belief that the positive result m this ease is strong confirmatory proof of 
the syphilitic nature of his disease 

In conclusion we may say that m the testing of cadaver blood — 

1. The use of the acetone msoluble residue of alcoholic antigen is 
preferable on theoretical and practical grounds, to the pure alcoholic or 
aqueous extracts, for the reason that less anticomplementary substance is 
introduced 

2 The serum to be tested should be collected from the cadaver as 
soon as possible after death, and the test performed at the earliest possible 
date 

3 Infected and decomposed serum, from either the cadaver or the 
living subject, is not suitable for the complement binding test 

4 In this series of fifty-six cases, the Noguchi modification of the 
Wassermann test has given very reliable results 



STUDIES OF RENAL FUNCTION IN RENAL, CARDIORENAL 
AND CARDIAC DISEASES 5 " 


L G ROWNTREE, MD , and R FITZ, MD 
hat mtonr 

Renal function has been studied m fift}-se\en patients, the eases 
including pine neplmtis, cardiac and caidioienal disease^, the tests used 
being plienolsulplioneplitlialein, lactose, salt, water, potassium lodid and 
the accumulation in the blood of uncoagulable nitrogen In ceitam cases, 
the excietion of indigo carinin and rosnnilm was studied, as was also the 
gl} cosum following the injection of phloridnn It became apparent 
early tliot nothing was to be gained from the continued use of these dyes, 
as they weic cxeielcd roughly in pioportions paralleling the excretion of 
phthalem and both much more slow ly Moreo\er, they were irritating 
to the patients The use of indigo earnnn was discarded also, because its 
colorimetric propel ties aie not well adapted to accurate quantitative 
work 1 The glycosuria following the administration of phlondzm seems 
to bear some relation to the excietion of lactose under similar conditions, 
1 e, gljeosuria is piolonged Phlondzm gljeosuria, however, is exceed- 
ingly variable undei an} conditions and it was considered more advan- 
tageous to use only lactose, on which gi eater reliance can be placed 
These tests were used with the following objects in view (1) To 
estimate total renal function, (2) to deteimme the absolute and relative 
value of these tests m the diagnosis and prognosis of renal diseases, (3) 
m cardiorenal disease with \aiymg degrees of chronic passive congestion 
and nephritis, to determine moie accurately which factor is of greater 
importance m the causation of the clinical picture encountered, (4) to 
diagnosticate the presence or absence of impairment of renal function m 
cases in which clinically neplmtis is suggested, (5) finally, to determine 
whether it is justifiable to diaw conclusions relative to the involvement 
of the vascular or tubular functions under pathological conditions In 
the majority of cases a limited number of tests w r eie made It is hoped 
that the cases will be followed over a longer period of time, and that 
repeated tests will be made to determine the progress of the disease 
Such results will be published later 

’Submitted for publication Dec 20, 1912 1 

’From the Pharmacological Laboratory of the J olms Hopkins Medical Sc 100 
and from the Medical Clinic of the Johns Hopkins Hospital 

1 In this connection we agree with Oppenheimer (Ztschr f Urol , 1 , 

in, 289), and disagree with Thomas (Am Jour Med Sc, 1911, cGn, 376) 
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A brief outline of the purpose of the various tests, together with their 
technic, is given. 

Phenolsulphoneplitlialem was introduced m 1910 as a functional test 
by Eowntree and Geraghty 2 It is a drug devoid of toxicity and is 
eliminated almost entirely by the kidney In health, following its intra- 
muscular injection ( 006 gm ), 50 to 60 per cent is recovered m the urine 
m one hour and from 60 to 80 per cent in two hours 

From a study of a large series of cases including acute and chronic 
parenchymatous and chronic interstitial nephritis, and uremia, they con- 
cluded that where there was a marked decrease in output, marked renal 
changes were present. When the dmg was contmuously excreted m 
traces or not at all a grave prognosis was to be given, even without signs 
of uremia The test proved of immense value m revealing the degree of 
destruction of renal substance, and of extreme importance m the estima- 
tion of total renal function for diagnosis and prognosis 
The test has been made according to the original technic. 

TECHNIC 

Patients were injected intramuscularly with 1 c c of a sterile solution 
containing 0 006 gm of the diug Bach patient’s bladder was emptied at 
the end of one hour and ten minutes and at the end of two hours and ten 
minutes The urine was made definitely alkaline, diluted to 1 liter, and 
the amount of drug present determined by the use of Eowntree and 
Geraghty’s 3 modification of the Autenrieth-Konigsberger colorimeter 
Lactose Test — Schlayer 4 and his coworkers have studied the excretion 
of lactose, potassium lodid, salt and water m relation to renal function 
m experimental tubular and vascular nephntides, and in nephritis as 
exists clinically. 

Lactose was shown by Voit 5 to be excreted quantitatively by the 
kidneys following its subcutaneous or intravenous administration De 
Bonis 0 showed that it was well excreted by the glomeruli Schlayer 
therefore adopted the time required for its elimination as a means of 
determining the vascular functional capacity m various forms of experi- 
mental and clinical nephritis Since it is a substance foreign to the body, 
and consequently not subjected to the many extra renal factors which 
influence the excretion of water, he places his chief reliance on it as a 
vascular functional test He admits that its excretion is delayed m 
passive congestion. 

2 Eowntree and Geraglity Jour Pliarm and Exper Therap , 1909, i, 579 

3 Eowntree and Geraghty The Archives Int Med , 1912, ix, 284 

4 Sclilaver and Takayasu Deutsch Arch f klm Med, 1910, xcvin, 17, 
Schlayer ibid , 1911, cii, 311, and 1911, ci, 333 

5 Voit Deut Arch f klm Med , 1897, Ivm, 545 

0 De Eonis Giorn intern d science med , 1907, xxix, 44G 
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As De Bonis did not claim that lactose was not excreted by way of 
the tubules, but meiely that it was well excreted by the glomeruli, it 
seemed adusable to study more closely the mechanism of its excretion. 
As shown by Nu^sbaum 7 it is possible b) excluding the glomerular sjstem 
to obtain a mine fiom the fiog“s kidney which is solely due to tubular 
actmty By using this method we haie shown m another publication 
that the tubules m the absence of the glomerulai system are capable of 
cxcielmg lactose 

From a icpetition of Schlajei’s experimental woik, fiom our owm 
expencnce with lactose clinically as a functional test and from our recent 
studies of its behauoi m experimental chronic passne congestion , 8 we 
feel that the mechanism of its excietion diffeis e^sentiall} from that of 
phthalem, salt, indigo, carnnn, etc In these studies, theiefore, w r e hau> 
considered lactose, as did Schlayei, an index to the condition of the 
laseular function of the kidney, admitting that w r c need much moie 
information concerning the mannei and significance of its excretion 
In these studies lactose ha^ been piepaied and injected as follows 

Two and fn e-tenths pm were dissolved in 25 c c of freshly distilled water 
placed m small cotton stoppered Erlonnie\cr flasks and pasteurized for four hours 
for four successive dnjs at 75 to 80 C Bj this method the dose injected was 
sliglith o\er 2 gm m 20 cc of water A fresh solution was used for each injec- 
tion and given according to the usual intravenous technic Following injection no 
constitutional disturbances resulted save occasional slight headaches or mnlaise 
and m one instance a severe chill and fever for a few hours 

The normal excretion time for this amount is four to six hours The urine 
was collected from the patients four hours after injection and every hour or two 
hours thereafter to twelve hours Each specimen was tested by Xylander’s 
reagent, using the same amounts of urine, solution, and length of time for 
boiling In addition, in our earlier studies, polarimctnc readings were made for 
total amounts of sugar regained Since Schlajer emphnsized the time required 
for excretion as of chief importance, more recently we have merely determined 
this except wlieie only traces were obtained 

Salt and Water Tests — The excretion of salt following its adminis- 
tration m amounts greatly m excess of that ordinarily taken with the 
food, is accomplished by the tubules, according to Sclilayer Normally 
laige amounts of salt are excreted by one of two methods If the salt is 
given without extra water it is almost entirely excreted within twenty- 
four hours, without diuresis, by increased concentration in the urine, if 
given with an excess of water it is excreted partially through mci eased 
concentration m the urine and partially through diuresis 

Where, vascular injury to the kidney exists, the administration of 
salt may be followed by a maiked diuresis, all of the salt being smoothly 
excreted in tw r enty-four hours without its percentage content m the urine 

7 Nussbaum Pfiuger’s Arch f d ges Physiol 1878, xvi, 179, 1878, xvu, 
580 

8 Eowntree, Fitz and Geraghty Unpublished 
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being at all mei eased This is usually associated with a somewhat low 
and fixed specific gravity, and the syndrome is spoken of by Schlayer as 
vascular hyposthenuria Here the inability to concentrate is not due to 
any incapacity of the tubules to excrete salt, but to hypersensitive vessels 
which respond to the salt administration with diuresis In more severe 
vascular injury the vessels do not react m the same way, oliguria char- 
acterizing the urinary picture In severe tubular destruction, a urine of 
fixed low specific giavity is obtained, the quantity of which is not materi- 
ally affected by the administration of salt and the salt content of which 
is not augmented by administration of extra amounts of chlonds because 
of the inability of the tubules to excrete it Such a condition Schlayei 
calls tubular hyposthenuria 

The tests were performed as follows * 

At the beginning of each study the patient was put on restricted liquids (2,000 
c c ) and a diet low in ehlorids A few cases were tried on salt-poor diet, e g , 
2 4 gm per diem, hut it was found that immediately following this extra salt was 
usually poorly excreted, while the same patients on a diet containing more salt, 
e g , 6 gm per diem later responded to added salt normally. The salt m the 
diet was estimated approximately by Locke’s 0 and Brugsch’s 10 tables The urine 
was measured as passed, and total twenty-four hour specimens collected The 
specific gravity was taken, and daily salt analyses made by the Lutke-Martius 11 
method When the salt output was found to be approximately constant for two 
days, m suitable cases, a salt test of from 5 to 10 gm was given In this way 
when produced, a hyposthenuria and its type could be detected 

Potassium Iodid Test — Potassium lodid was one of the first sub- 
stances to be utilized m connection with functional renal studies, being 
introduced by Duckworth 12 in 1867. It appears quickly m the urine 
following its administration by mouth, Quetsch 13 stating that it appears 
m nine to eighteen mmutes after a 2 gm. dose, Roux 14 thirteen minutes 
after a 3 gm dose, and Studeni 18 thirteen to eighteen mmutes after a 
1 gm dose The time required for complete elimmatic i, as stated by 
different authors, varies markedly According to Geisler, 10 6 gm require 
twenty-five hours; Roux, 14 5 gm require thirty hours, Studeni, 15 1 gm 
requires thirty to thirty-six hours, Antem, 17 .5 gm requires forty hours, 
Schlayer and Takayasu 18 and Monokow, 18 5 gm requires forty-eight 

9 Locke Pood Values D Appleton & Co , 1911 

10 Brugsch Diutetik mnerer Erkrankungen Berlin, Julius Springer, 1911 

11 Sahli Diagnostic Methods, 1911, p 455 

12 Duckworth Saint Bartholomew’s Hosp Hep , 1867, in, 216 

13 Quetsch Berl klm Wchnschr , 1884, xxi, 353 

14 Koux Tli&se de Paris, 1890, No 24S Experiences sur 1’elimination des 
jodures par l’unne 

15 Studeni Untersucliungen uber die physiologisehe Ausselieidung der jod 
Preparate durch den menschlichen Harn Dissert, Zurich, 1897 

16 Geisler Quoted by An ten (See Note 17 ) 

17 Anton Arch f Pathol u Pharmacol , 1902, xlvm, 331 

18 Schlaver and Takayasu Deutsch Arch f klm Med , 1911, ci, 354 

19 Monokow Deutsch Arch f klm Med, 1911, cn, 248 
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horns. Schlayer, m his studies, did not considei, however, anything less 
than sixty liouis to he a delayed cxeiction time following .5 gin by mouth. 
AYe hate accepted tins as a standard 

Accoiding to the studies of Schlayei, potassium lodid is excreted by 
the tubules of the kidney and on it he has placed most dependence in 
detei mining tubulai functional capacity Anten 17 showed that the 
excretion is not hastened b} the oeeuiience of diuiesis It has been 
claimed by Schlayer and Takayasu that its excretion is not influenced by 
chronic passu e congestion and that it is not delajed m cases of cardiac 
decompensation, chaiacieiistics which, if hue, would make it of tremen- 
dous importance m difleicntiating ca^es of pure passu e congestion of 
the kidney fiom passu e congestion associated with nephritis Our 
studies, 6 howetei, on the excretion of potassium iodid m experimental 
chronic passive congestion show that it is often delajed m this condition 
AA r e feel, theiefoie, that for this purpose it is piaetically valueless 

Five-tenths gm of potassium iodid was given bj mouth Urine wns collected 
at the end of fort} -eight hour? and tested ever} four hours thereafter until no 
positive Sandovv’s* 0 lest could be obtained 

Determination of the Incoagulable Nitrogen of the Blood — In 1821, 
Prevost and Dumas 21 found after extirpation of the kidnejs an increase 
m the urea content of the blood That this obseivation was of impor- 
tance clinically m nephritis was recognized by Bright 22 in 1836 Since 
then many investigations have been made with the object of using 
the total incoagulable nitrogen or uiea as a guide to prognosis and 
diagnosis 

By more modem technic, Ascoli 23 Strauss 24 and others have found m 
severe giades of nephritis, the nitrogen, usunlty though not mvanably, 
increased, the increase being much moie marked toward death Muller 25 
believes that these facts m outspoken uremia are of the highest value, 
while von Noorden, 20 emphasizing the inconstancy of the findings, 
admits that the accumulation of nitrogen constitutes one of the important 
phenomena wdiich result from renal insufficiency 

Obermayer and Poppei 27 have found that cases of uremia show a 

20 Sandow’s test is made by taking 30 c c of urine, 2 c c of 2 per cent sodium 
nitrite solution and 2 c c of dilute sulphuric acid, adding chloroform and shak- 
ing Purplish or violet color appears m the chloroform if iodid is present. 

21 Prevost and Dumas Quoted by SchdndorfT PllUger’s Arch f d ges 
Physiol , 1899, Ixxiv, 307 

22 Bright Guy’s Hosp Rep , 1836, i, 368 

23 Ascoli Pfltiger’s Arch f d ges Physiol , 1901, lvxxvn, 103 

24 Strauss Die chiomsche Nierentzhndungen m ihrer Emwirkung auf die 
Blutfliissigkeit und deren Behandlung Berlin, 19C2, Hirschvvald 

25 Miiller Verliandl der deutsch path Gesellsch , 1904-5, vu-iv, Ergan- 
zungsheft 80 

26 Von Noorden Metabolism and Practical Medicine, 1907, Uj 480 

27 Obermayer and Popper Ztschr f klm Med, 1909, Ixvn, 332 
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much higher serum incoagulable nitrogen content than do normal indi- 
viduals, 01 cases of nephritis without uremia, and that of this nitrogen, 
the urea fraction increases with the development of the uremia Hohl- 
weg 28 points out the importance of this latter observation, agreeing that 
though increase m urea is not specific for uremia, the demonstration of 
its presence in excessive amounts m serum affords an index of the renal 
functional capacity and thus is of value prognostically. Widal, 29 from 
an accumulation of his own observations m renal insufficiency, believes 
that it is geneially possible to base on the degree of urea retention an 
approximate piognosis as to length of life, since patients persistently 
with more than 2 gm. of urea per liter of blood can usually live for 
only months or weeks 

In attempting to choose a method for estimation of incoagulable 
nitrogen or urea which is clinically practical, e g, simple, rapid and 
reasonably accurate, we have used and compared the following tests on 
blood or blood-serum : 

1 Estimation of urea in blood by Widal’s method 10 c c of blood are added 
to 115 cc of 95 per cent alcohol, 100 ce of the filtrate is evaporated to dryness, 
and the residue dissolved m the least possible amount of water This is tested for 
substances decomposable by sodium hypobromite m a Doremus ureometer 80 The 
amount determined represents that found m 8 c c of blood, from which the amount 
per liter is calculated 

2 The technic is the same as above, except that the residue following 1 the 
evaporation of the filtrate is subjected to a Kjeldahl’s nitrogen determination 
The result represents that found in 8 cc of blood 

3 Estimation of total incoagulable nitrogen in serum by Morris’ 81 modification 
of the Hohlweg and Meyer method The procedure is as follows To 10 c c of 
serum m a 300 c c Erlenmeyer flask is added a reagent consisting of equal parts 
of 1 per cent acetic acid and a 5 per cent solution of monocalcium phosphate 
until the reaction is acid to litmus but neutral to congo red The volume is 
brought up with distilled water to 80 c c , and 80 c c of saturated sodium 
clilorid solution are poured into the flask The mixture ib boiled to precipitate 
the coagulable proteins, and the filtrate, from which the proteins have been shown 
to be completely removed, subjected to a nitrogen determination by Kjeldahl’s 
method 

In a number of instances determinations were made by all three 
methods The two latter gave nearly similar results It was found that 
the first method m a control senes of experiments, addmg known 
amounts of urea to serum, gave an error of from 10 to 60 per cent , and 
therefore as a quantitative test was valueless. 

Blood was used rather than serum (save m cases m which venesection 
was made), because it seemed that any increase of value prognostically 
would appear in the total blood as well as m serum In the majority of 
cases Method 2 has been used The normal figures are for total mcoag- 

2S Hohlweg- Deutsch Arch f klin Med , 1912, civ, 216 

29. Widal Bull et m6m d hOp , Pans, senes 3, 1911, xxxii, 627 

30 Widal used the Yvonne ureometer for this purpose 

31 Morris The Archives Iht Med, 1911, vm, 457. 
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ulable mliogen 500 io GOO gm pei liter, and foi urea .300 to 500 gm 
per liter of serum 3 - 

In the pie c ent state of oui knowledge of lenal diseases, classification 
of neplmtis is difficult and umatisfacioi}, and none so far suggested lias 
met with unnersal acceptance or appro\al Although clinically m certain 
instances it is possible to iceognr/e acute, chionic parenchymatous or 
chronic intci stitial neplmtis, the autopsy findings repeatedly meal pioc- 
esses different from those suggested m life The internist is theiefoie 
inclined to confine his diagnosis to acute oi to chionic nephritis, but 
even under such conditions the pathological study frequently demon- 
strates the pmcnce of acute oi chionic changes which were not suggested 
by the clinical study or hisloiy of the case, so classification on climcal- 
pathological grounds alone has proven unsatisfactory 

Fiom his studies with the lactose, watci, salt and lodid tests. Schlayer 4 
has attempted to diude neplmtis from a purely functional point of new 
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*It is a question whether this case should not be placed m Group II fVanable tFew hyaline cas s 


into four groups, e g , pure vascular, vasculo-tubulai, tubulo-vaseular, and 
pure tubulai nephritis We have not used his classification because we 
feel that it is open to serious objections on the following grounds (1) 
Our studies have led us to the conclusion that the potassium lodid test 
as used by him and on which he has placed greatest confidence for 
information regarding tubular functional capacity, is unieliable (2) He 
has not described, nor have we encountered, any clinical cases which could 
be justly considered pure tubular neplmtis (3) The tests used cannot, 
we believe, determine accurately m the majority of cases where both 
systems are involved, whether the tubular oi vascular injury is prepon- 
derant (4) Mild passive congestion alone will m many instances produce 
the same functional picture which lie describes as characteristic of vas- 
cular nephritis Hence a combined clinical and functional study is 

32 The technic m this test must be subjected to considerable refinement before 
conclusions based on slightly increased values ( 25 to 30 per cent ) can be drawn 





L G ROWKTREE—R F1TZ 


2G5 


essential m older to differentiate two functionally similai but clinically 
difieient conditions (5) Schlayer has purposely not considered cases m 
which cardiac involvement was piesent Since chronic nephntis is so 
commonly associated with eaidiac or eaidiovasculai changes, whethei 
causally or incidentally, we feel that m making a study of renal function, 
this gi oup of cases should be considered 

Therefore, attempting to correlate clinical and pathological findings 
with the results of functional tests as simply and comprehensively as 
possible, the cases studied have been divided as follows 

Gioup I — Cases clinically suspected of nephritis 32 but exhibiting piactically 
noimal lenal function 

Gioup II — Cases of mild nephntis without caidiae decompensation 
Gioup III — Cases of advanced nephntis without eaidiac decompensation 
Gioup IV — Cases of the eaidiac decompensation and clnonic passive conges- 
tion with 01 without nephntis 
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Besides these gioups we have studied a few miscellaneous cases each 
of which will be described m detail (Group Y) 

group i 

It is seen fiom Table 1 that m these cases the mci eased salt is excieted 
noimall}’ almost completely within twenty-foui hours thiougli an 
mci eased concentiation m the urine The specific gravity is not fixed 
Lactose and lodid are excieted m normal time, the phthalem output is 
not deci eased, while the incoagulable nitrogen of the blood is within 
noi mal limits 

These cases are of interest m showing the value of such studies m 
ieual function diagnostically A bnef history of each is given 

33 The clinical diagnoses lecorded m the accompanying tables vere taken 
from the Johns Hopkins Hospital case records 
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No,. S2,337 Mule, 57, white, married entered the hospital with the following 
history 

lie had nlwais worked hard in bu c iness, with considerable worry His habits 
were excellent 'J liree years before admission he was told that he hnd “diabetes” 
At internals since -various physicians had found sugar in Ins urine For years 
he had noticed slight nycturia lie entered the hospital because, for six months, 
he had lost Weight and strength and hnd been growing non oils 

Plnsicnl examination was negative save for moderate cardinc hypertrophy, 
with an accentuated aortic second sound, and a soft svstohe bruit transmitted 
fiom the apex to axilla Ills peripheral vosecls showed a considerable degree of 
sclerosis Ills blood pressure was 220 

I he urine showed no albumin or casts, but a trace of sugar, which imme- 
diately disappeared under slight carbohvdrntc restriction 

In bnef. 3iis was a cn c e m winch nephritis might be legitimate^ 
suspected, and if existent, to determine it* degree would he of essential 
lmpoi lance foi piognosis, diagnosis and future treatment Functional 
tests showed noimal lenal function, hence the conclusion that his symp- 
toms were due to arterjo c cleio c is, from which, c o far, the kidneys had 
escaped to such a degree that function was not distuibed 

No 82,437 A Russian tailor, 43, married, was admitted with the following 
history 

Eight days before entrv he had suddenly felt li/?\ and fallen Since, he had 
had fever and sweating, considerable frontal headrehe, and a dry cough without 
sputum At times lie was delirious, at times in stupor 

Physical examination was negative save for a few fine crackles heard m both 
axillae on deep inspiration, absence of knee jerks, a positive Romberg's sign, and 
questionable Babinski’s On the right there was n marked choked disk, on the 
left were scattered hemorrhages with the edges of the disk obliterated The 
blood-pressure varied between 110 and 170 

The urine showed a trace of albumin and rare casts There was a temperature 
between 101 and 103 F 

Wlnle the signs and symptoms pointed toward an intracerebral lesion, 
it was of utmost importance to demonstrate conclusively the entire 
absence of nephritis, or if any lnjuiy 7 to renal function were present, that 
it was too slight to be responsible for the symptom-complex From 
functional studies there was no evidence of nephritis The patient grad- 
ually improved, and left the hospital with the diagnosis of brain abscess 
or hemorrhagic pachymeningitis 

No 83,410 Boy, 17 years old, entered the hospital w ith a diagnosis of ‘ ortho- 
static albuminuria ” His mother died of some renal disease 

His previous illnesses included cliicken-pox and measles Until six months 
previously he had had constant “sore tin oat” which was relieved by tonsillectomy 
His habits were good 

On admission he complained of frequent headacnes, vertigo, nausea and vomit 
mg of ten months’ duration 

His physical examination was negative except foi distinctly palpable penphera 
vessels His blood-pressure was 125 mm Hg 

A trace of albumin was found m the urine, intermittently, but no blood ce s 
or casts were seen 
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As indicated m the accompanying table (Table 1), his renal function 
was ‘piactieally normal, the only suggestion of disturbance being the 
slightest delay m lactose excretion and a phthalem output slightly under 
the lower limits of normal He is grouped among patients with normal 
function, tentatively. Repeated observations m such cases are unques- 
tionably indicated, and it is hoped that further reports on these cases 
may be offered later 

GROUP II — CASES OF MILD NEPHRITIS 

Nephritis m this group of cases is suggested clinically by some 
increase in blood-pressure, a slight cardiac hypertrophy, and palpable 
peripheral vessels, while albumin and casts may or may not be present in 
the urine functionally, the phthalem test indicates that the total renal 
excretoiy function may be normal, but is usually slightly decreased A 
delay in lactose excietion, however, suggests vascular disturbance of 
function which may be corroborated by the associated “vascular hypos- 
thenuria” following the administration of salt The specific gravity 
may or may not be fixed The absolute salt excretion as well as that of 
lodid is usually noimal Theie is slight or no increase m the urea of 
the blood 

Opportunity has not been afforded to follow any one of these cases 
over a prolonged period of time, but it appears justifiable to suppose 
that such cases, if progressive, develop eventually into cases either of 
cardio-renal disease, or of marked chronic nephritis, 1 e , Group II may 
pass over into Group III or Group IV The data relative to these 
patients is piesented m Table 2 Two characteristic cases are quoted 

Mr X, aged 22, student, consulted Dr 7 J Sladen, resident physician of the 
Johns Hopkins Hospital, on account of cardiac palpitation Patient’s father and 
uncle had died of nephritis His previous history was unimportant, his habits 
good Six months before examination patient noticed attacks of cardiac palpita- 
tion Physical examination revealed a slightly enlarged heart, definitely thickened 
peripheral vessels, an occasional extrasystole, and a maximal blood-pressure vary- 
ing from 140 to 150 mm Hg The urine showed at times the faintest trace of 
albumin but no casts were seen 

Functional studies showed normal phthalem, icdid and salt excretion, with a 
markedly delayed lactose The urea of the serum was not increased 

No 82,887 Male, 55, chemist, entered the hospital with an unimportant 
family and previous history He had always worked hard and worned His habits 
were excellent 

For some years he had noted nycturia, polyuria and mild attacks of nocturnal 
dyspnea For one month he had felt “weak” and dull 

Physical examination showed that his heart was enlarged on percussion, with 
a rather heaving impulse There were no murmurs The aortic second sound was 
not increased The peripheral vessels were thickened, with some atheromatous 
patches, and vere tortuous The fundi oculorum were negatne The urine 
showed no albumin or casts The systolic blood-pressure was 16G 

Functional studies showed a slightly reduced phthalem (40 per cent m the 
first 12 per cent in the second hour), a distinct diuresis following the increased 
ingestion of salt and a slight delay m lactose excietion, 10 hours 



208 mn \ nr nr] ns on ixtliixal miwicixi: 

Clmieall) tlicie tones weio instances of aiterKncleioMs, but fiom 
functional studies it was shown that the total ienal function m oifc, as 
indicated by phthaloin excretion, was ‘•ligliih affect eel. in the otbei 
normal, the <lcla\ in laito^e eviction suggested \a c culai imoheincnt, 
and diuresis m response to salt in one ease that the xe^^els weie hipei- 
sensilixe On the whole, these weie ca^C" of aiierioscloross m which it 
w as justifiable to a^mne that pathological changes had oecuircd in the 
kidnoxs puinanh of a xavular natuio, but sufficient to mteifeie to 
sonic extent with some phase of ienal function 

cnoi p iij — evsis oi \m \xc 1 1) Mi'iiKins wmt m r siiGiir 

CUtM VC 1 N \ OliVI Ml NT ('1 MILK ')) 

.Vs alicadx suggested tlicie is no •diaip line of ditleientiation between 
this gionp and Oioup II, since in chionie ca:?e- tlicie is a giadual transi- 
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tion' fiom the eail} stages of nephutis into this gioup oi Gioup IV Oui 
acute cases, without doubt, must be included heic on account of the 
lesults obtained by functional studies 

In this gioup, chnicall}, theic was evidence of niaiked nepluitis but 
none of caichac inefficiency The changes m ienal function aie theiefoie 
dependent on nepluitis and not on cliiomc passne congestion 

The cases vaned m seventy They have been giouped to show* as 
fai as possible, the giadual tiansition fiom nepluitis with neaily normal 
ienal function, to the most seieie giades exhibiting uiemia and ending 
m death 
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mci eased by additional salt, xvith tlaee exceptions, and m only one was 
oliguna encounteied Ceitam of the cases w*eie not given additional 
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salt, since fiom the clinical condition it seemed contra-indicated In 
the cases tested, as a rule, salt was relatively well excieted through both 
mci eased concentration and polyuria But m cases of the most advanced 
type it was constantly excreted m amounts less than administered and 
at the same time m low concentration The specific gravity tended to 
be “fixed” and moderately low, except m one case 

Lactose excretion was delayed m all cases In all but the most 
extreme cases there seemed to be no definite relationship between the 
excietion time of lactose, the severity of the disease clinically and the 
vasculai hypersensitiveness, as determined by response to salt 

Potassium lodid excretion was delayed m the severest cases, but to 
an equal extent m two, which clinically were less advanced Its excretion 
time did not seem to parallel absolutely the plithalem excietion nor the 
salt concentration, since the two cases m which the lodid was most slowly 
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excieted increased the salt concentration, following an additional 5 gm 
to the diet, and one excieted 4 5 per cent of plithalem m three hours 
As the disea c e became moie advanced the excietion of plithalem con- 
stantly diminished In patients with uremia, repeatedly, it was excieted 
only m tiaces oi not at all for the two hours following injection 

The total incoagulable nitrogen and urea Mere increased m those cases 
v Inch clinically and functionally had the most severe nephritis Unfortu- 
nately, m one of the patients coming to autopsy no determination was 
made 

In fire patients no lactose vas recoieied withm twelve hours Of these 
the four which weie tested weio unable to excrete salt eitliei through 
increased concentiation or thiough diuresis Two showed a normal lodid 
excietion and two an excietion markedly delayed, four excreted only 
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iiocc® of phtlialom, ilie oilici, 10 poi cent , foi two liouu In fom the 
incoagulable mtioiren 01 men wa* maikcdh indented In the fifth it 
A\a« not tercel The thioe patients with lowest phtlialom died, two m 
menu a within a few weeks, and one immediately with acute ncplmtife 
r I’he otlieis hate not been lieaid fiom 

r JTie histones of a few dun adenylic cases aie giten 

!N'o 81,052 Housewife ngou 12, entou <1 w jth tin follow mg hixloix 
Hot previous ln>-tni\ was mnmpoitnnt sixo tint tlin'c xc.irs before '-lie hid 
boon in <ho hospital foi throe weeks with notilo mid chrome nephritis Since then 
she lnd mi lined fiom mild nxduiin, piecoidml distre-s on exertion, and occa- 
sionally fiom houlnche 

'two weeks liefoic ontrx (dema suddenly developed, associated with «exeic 
x bunting Hie nunc Ik citne m mtx and tloudx 

Pin Meal examination showed a maikcdh In pc ill opined heart Hie aortic 
soot ml ‘•mind was ringing no mmimirh heard 'J here was m.uked sdeiosis of 
peripliOinl xes-els md slight edema of the l«gs hut no general nmismca oi fluid 
in the serous emties 'J lie blood-pro— uro w is ISO brine at fir-l x\as smoky, 
with hlood, albumin and cast- Lmlei rest tin- eloaied up, 1c axing a slight trace 
of alnumin and a few eists 

Hei functional studies showed oulx a trace of lactose cxcioted in eight horns, 
though lodid and salt x\er< noimal 'J lint total function was affected xxas shown 
hx a lowcied phthnlem output (15 per cent for one hour, 15 per cent for txxo 
boms) Hie urea in the hlood xxas not incretscd Hence functionally as xxell ns 
climcillx she had xxell maikcd mini liixolxement xxhich xx xs not of guat iinine 
dinte sigmhcance In the hospital her sunptonis disappeaied and she left much 
lelicxed 

Iso SO, S') I Laboici, aged 21 For scxeiixl ye.us he had been bothered by 
iixcluria, olhciwise xxas alwaxs xxell 

Hnee xxeeks befoie cntix he had been sick xxitl' f ,r, er anoiexm and nausea 
Phxsical examination xxas negative sue for a laint sxsfolic nniinuu at the 
apex of the heart»not ti insnntted to the axilla Hie peripheral vessels were 
leadilx palpable Hie blood piessuie was shghllx Increased (140 to 100) Hie 
mine contained tiaces of albumin and a few casts * 

The txphoul bacillus was obtained fiom hloodi ultuie Hie Widal leaction 
becimc positive , 

The patient lan a sexcie and piotrncted course o fexei, xxhich was complicated 
by hemonliages from the nose and bowel, inducing his hemoglobin to IS per cent 
Eight xxeeks after entiy his renal function xxas tested It xx is found that the 
patient had a constant polyuna and ‘hyposthenuria” with salt normally excieted 
as to concentration and absolute amount Lnclo=c was excieted in ten hours, and 
10 per cent of plithalem in txxo hours The potix-siuin lodid xx is excieted nor 
nially, there was no nitrogen increase m the hlood From the lactose and 
plithalem tests, ex idently c tlie patient had n sex ere nephritis 

A week later the temperatuie, which had been normal for ten days, suddenly 
lose and ran an megular course foi sexeial dax T s A puie culture of typhoid 
bacilli was groxxm fiom the mine 

Six xx f eeks later the patient had a sexeie itt )ck of pain in the right flank 
with xomitmg and fever This subsided and was lollowcd by ail abundance of pus 
in the urine, disappeai mg m a few 7 day 7 s 

The tests for renal function xvere lepeated It was found that lodid xvas 
excreted noimally, salt, hoxvevei, xxas letamed, x'oth no change in concenti ation 
on the addition of 5 gm Lactose w 7 as not lecowued at all, and plithalem on y 
m traces tw 7 o liouis after injection The uiea of the blood bad trebled Func- 
tionally lus condition bad gioxxm niaikedly xxoise, conilimed clinically 
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Two weeks following the attack described the patient had anothei similar one 
but more seveie, which ivas accompanied by delirium, fever and marked abdominal 
pain localizing m the legion of the light kidney This again subsided, accom- 
panied by pyui la 

Ureteial cathetei ization was peiformed Clear mine was obtained from both 
sides Cultures from the light side showed the tjplioid bacillus v 

Finally, five weeks after the fiist attack of pain, the patient had a thud 
similar one It seemed advisable to operate The kidnev was exposed undei 
ethei and incised, but no recognizable pus was obtained Ihe patient improied 
rapidly, and was discharged m excellent condition Unfortunately he has not 
been heaid from since 

jSTo 90,899 Laboier, aged 64 Thiee yeais pieviously he was told that he had 
nephritis Since then he had noticed nvctuna and polyuria 

One month before entry he began to lose weight rapidly and become easily 
tiled Constant headache developed, and veiy lecently shoitness of bieatli He 
noticed swelling m his feet for the first time at entiy 

Hie physical examination revealed an enlaiged aiea of caidiac dulness, with 
gallop lhythra at the apex, and a soft svstolic blow ovei the aortic area The 
aortic second sound w r as sliaiply accentuated The penplieral vessels w’eie 
maikedly thickened and tortuous The fundi weie normal There was slight 
edema of the extremities The blood pressuie was 190 to 230 The urine showed 
much albumin and many casts The plitlialein was 13 6 per cent for two hours 
Under observation and lest the edema disappeared, and the lieai t practically 
legamed compensation The geneial condition grew wrnrse, however Six weeks 
after the fiist test, functional tests tvere again made, showing only traces of 
plitlialein exeietion in turn hours, no lactose in twelve hours and a delayed excre- 
tion of lodid and salt The patient died in tvpical uremia The diagnosis of 
nephntis was confirmed at autopsy 

Thus in cases of pure nephntis these tests aie of value diagnostically 
m detei mining impairment of renal function, when clinically it is merely 
suspected They are of v ue piognostically, for by repetition, especially 
of the plitlialein test, it is possible to determine whether the disease is 
piogressmg, remaining stationary or subsiding Moreover, patients with 
nephntis who continue to be unable to excrete plitlialein, or lactose, and 
who show maiked difficulty n excreting lodid and salt, usually die within 
a short time Maiked mcj fee of the incoagulable nitrogen of the blood 
may afford additional positive evidence as to the seventy of the disease 

GROUP IV — CASES OP CHRONIC PASSIVE CONGESTION WITH OR WITHOUT 
ASSOCIATED NEPHRITIS (TABLE 4) 

The majonty of our patients fall into this group In so classifying 
them, a consideration of both clinical findings and functional studies is 
necessary m oidei to detennine the relative responsibility of the heart 
and of the kidney foi the existence of the symptom-complex In this 
connection repetition of the tests is almost invariably necessary One 
senes of functional tests cannot always differentiate between the existence 
of nephntis oi of chronic passive congestion Expenmen tally, 8 it has 
been shown that m moderate degiee= of pas=ne congestion, as m neph- 
ritis, the exaction of lactose lodid and salt may be interfered with The 
excretion oi plitlialein may be noimal but if the congestion i= extreme it 
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Passive Congestion With oe Without Nephritis 
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Remarks 


Left hospital improved 


Left hospital improved 


Left hospital improved 

Second phtlialem test two v 
later Left hospital improved 

Left hospital improved 

Left hospital improved 

Left hospital improved 

Left hospital improved 


Left hospital unimproved , 

Eight weeks later phtlialem 45 j 

cent for 2 hours N 600 L 

hospital improved • 

Left hospital improved 


Left hospital improved 


Patient died four months later 1 
topsy 3766, tubercular polyse 
sitis, arteriosclerosis, cardiac 1 
pertropliy, slight chronic diffi 
nephritis 

Phtlialem 22 per cent for 2 lioi 
eight w r eeks later, after a break 
compensation Patient died .A 
topsy 3738 syphilitic aortitis, d 
diac hypertrophy and dilatatid 
chronic passive congestion of £ 
dommal viscera Kidneys show 
slight increase m connective tis« 
betu een the tubules and tliickem 
of Bowman’s capsule 
Patient left hospital improved i 


Patient left hospital unimproved 


Patient left hospital improved 
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Passive Congestion With or Without Nephritis— Continued 


Phthnlein 

Urinalysis 

P4 

« 

£ o 
a o 

o°W » 
43 a S 

,g So 

Uiea m 
Blood 

Gms 

Kemai ko 

1 

K -§ 

2 -» 

1— H 2 S 

pH O 

ea 

j . a 

r— H 

Blood 

Casts 

IS 

27 

+ 


+ 



7 

Patient left hospital ummpioiedj 











30 

+ 

0 

+ 

i 1 ? 0 ' 


3 

Patient left hospital improved 






m 




7 

32 

+ 

'0 

+ 

HR 

500 l 

600 

Patient left hospital mipioved 






1G0 




27 

44 

+ + + 

H- 

Dyal L 

1G0 

1 

1 2 

Patient left hospital impioied 



i 


Gian 

1 









140 


1 3 


15 

; 27 

f 

•V 

0 

Baie 

170 

2 


6 

Patient left hospital impioved 

1 


1 



1G0 




( 1 

Trace 

+ 


+ 

216 

63 

6 

Second plithalein test three nee 

13 






I 


later Autopsy 3707 chronic sn 







1 


acute nephritis, chronic passi 









congestion 


24 

+ 


+ 

220 


400 

Patient left hospital impioved 






ISO 




17 

27 


* 0 


1 ' 

1 

| 

81 

Lactose not given on account of gl 









cosuria Patient left hospital n 









proved 

7 

20 

4" 

0 

+ 

150 


3 

Patient left hospital improi ed 






120 

J 



0 

Tiace 

4" 

0 

Pew 


1 

140 

Died No autopsy permitted Secoi 

15 

30 




1 



phtlialem 10 days after first, tin; 

18 

2S 



: 


1 


test after three weeks 

12 5 

20 

+ 

0 

+ 


28 

25 

Patienr left hospital improved 

5 

10 




1 , 




15 

— 



! 





0 

0 

++ 


! 

+ 

1 i 

180 



Died Autopsy 3664 Chronic diffu: 






150 



nephritis with acute evaceihatio: 









Cardiac hypertrophy and dilat; 









1 t ion 











27S 


nii: \ itami.fi or i\n:u\ t/, viwwixi: 


may bo deuen^ed Theiefoic in oxpimmcnfal congestion, functional 
pictuicc lmlutmgumlmble ftom tho<-n of Gioup IT and III described 
nbo\c luxe boon found. The gimlunl mnelmialmn of experimental con- 
cretion is accompanied emlitH by nn inma«ed phthalein output, later by 
lmpioxenmnt m c ali and lodnl e'cietion, and lastly by a flight ameliora- 
tion of tiie delay'd Ineto'-e e'cietion. 

Climcalh, m pimiv eonmHwn the tc-t- brluue in a similar wax 
By s(ud}iug Table *, it u ‘•mi th it m ceihun cases the functional i emits 
ate identical v>ith ilio-e obtained m nn entirely ditTeient gioup (Groups 
11 and 111) It is mm Gmt luto>e is imaimbly debntd. Hence tins 
tost in sncii tasr>- m of *-lu r ht vilue The quo/ie ginxitx is not fixed, the 
epmntit) of mine x nrtt ^ depending on the degree of eatdtac compensation 
The exeietion of '.alt xarie- In mtsun ea-e- there is retention, m others 
mote ‘•alt i s exacted than mm -ted. either with ‘‘hyposthenuria" or 
increased roneenttelion, 01 both Potassium lodid. as a nde, is excreted 
noimnlh e*on when neplmtis is mailed Its e'crdion 1ms been delayed 
Blub mgly, howexer, m fmu c m, m tluc' 1 of which the cardiac insuffi- 
ciency played the majoi idle The fomfh at autopsy showed an advanced 
neplmtis In the c ernes with eongt f ion and little or no nephritis the 
phthalcn excretion is neatly noiinal. but as congestion becomes more 
inaihed it is decioamd, Htuinmg nearly to nounnl with surprising 
inpiditx n c the caidiae conditions unproxe If, howexoi, theie is a co- 
existent neplmtis the phthalein exeietion remains low, and does not 
nnpiov; mnihcdly, despite lmproxement of circulation In any case of 
neplmtis xulli maiked cardiac imohement, lactose, water, salt and lodid 
aie xitiated ns tests for icnnl function By lepeating the phthalein 
injection, howcuu, information of great \alue max he obtained In the 
jBCbCHce of varied ne phi ills the excretion of phthalein will remain low, 
paralleling the degicc of icnnl destruction In those instances m which 
the exeietion of phthalein is noiinal, or wheie after a decrease due to 
passu e congestion, it has again become normal, neplmtis may he 
entnely absent 14 

In this class of cases the dctcimination of nitiogcn ictention may he 
of xalue Accoiding to Sliauss and Holihveg, incoagulable nitrogen and 
urea aie mci eased in chionic passu e congestion, but not so sinkmgly ns 
m neplmtis Therefoic, any maiked mciease gives xaluable confiimatory 
evidence of extensive renal involvement 

The cases studied have been arinngcd m the table so as to show 
instances of pure chronic congestion and of slight nephritis, modeiate 

34 Sucli cases, pniticulhrly if exhibiting a normal salt excretion at the same 
time, may constitute a class of “Pure Chronic 'Passive Congestion” In our s u ie. 
tvc have not described such a group, because no feel that clinical observa ions an 
functional studies should he made over a prolonged period before the existence oi 
mild grades of nephritis can he excluded 
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nephritis ot advanced nephritis complicated by vaiymg degrees of cardiac 
insufficiency and chronic passive congestion A few illustrative cases are 
described 

No 82,216 Laborer, 47 years old, entered -with an unimportant family his- 
tory Previously he had rheumatic fever, gononhea and syphilis (confirmed by 
a positive Wassermann reaction) At times he was a heavy drinker 

For ten 3 ears he had constant nycturia F 01 a year he had complained of 
dyspnea on exeition, with increasing weakness For a month his feet were 
swollen He enteied the hospital because he was unable to keep up any longer 
Physical examination revealed a diffuse, heaving cardiac impulse, with area 
of dulness markedly increased A systolic murmui was heard over the precor- 
dium, loudest at the apex, and tiansmitted to the axilla Along the left border 
of the sternum was a diastolic murmur of slightly different pitch and intensity 
The sounds at the base were soft The second pulmonic sound was louder than 
the second aortic The chests weie dull at the bases and numerous rales weie 
heard 

The fundi were negative Albumin and casts were present m the urine at 
entry The blood-pressure was 180 On the whole this seemed to be a typical 
case of cardiorenal disease, m which clinically it was difficult to determine the 
degree, if existent, of nephritis Functional studies showed salt put out m laiger 
amounts than taken m without diuresis, delayed lodid excretion, only a trace of 
lactose recovered The plithalem output was, howevei, normal From functional 
studies, therefoie, there was disturbance in vascular function, with a normal total 
excretoiy function Therefore clinically and functionally the patient showed 
marked cardiac weakness, with slight nephritic involvement The subsequent his- 
tory supported this view The blood-pressure fell to 130, and the albumin and 
casts disappeared from the urine, the patient was discharged greatly improved 
No 82,755 represents another case of this description The patient was a 
fishman, 49 years old His father died of “heart trouble ” The patient had always 
been well until a year before entry when his heart became irregular Three months 
before entry he grew short of breath on exertion, the condition growing worse 
Recently he had noticed nycturia and “swelling of his feet” during the day, which 
disappeared over night He entered the hospital because he was unable to work 
any longer 

Physical examination showed a markedly hypertrophied and dilated heait, with 
an apical systolic murmur transmitted to the axilla The peripheral vessels were 
markedly sclerosed Examination of the chest showed dulness over both lower 
backs suggesting a moderate effusion The liver was enlarged and tender There 
was marked edema of extremities and genitalia The urine showed albumin and 
rare casts The blood-pressure was 150 

His functional tests showed no polyuria, salt well excreted by increased 
concentration, lodid normally excreted, lactose found only m traces for six hours, 
and none later The plithalem was 25 per cent for two hours Clinically the case 
seemed chiefly cardiac A repeated plithalem test ten days later showed 70 per 
cent for two hours In the meantime the albumin and casts had disappeared 
The patient grew steadily better Thus from a combined clinical and functional 
study it was clear that nephritis was absent, or if present, playing but a slight 
part m the clinical picture 

These eases bring np an interesting consideration The delayed 
lactose and lodid excietion may he the lesnlt of cardiac weakness, and 
thus these cases may he of purely cardiac involvement without nephritis 
This can only he determined hy repeating the tests when compensation 
has been perfectly established. 
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No 81 212 t* n c.ne of undoubted m pliritm, tombmed v it b inrdmc insufficicnc\ 
'.1 Iio pit lent was si t n i Jut .'1 vinrs old llis family mid privious hinton were 
negative s<»\e foi two ntt'id*- of ponotrhrn in vouth 

'Ini to fiftoi n irniK pnvimidv lie had noticed spells of palpitation ns-ocinUd 
with wetlno*-H and giddim-- lor Mtei.tl viars Ik hud mnipLunid oi nvcturin, 
uid had l>eeii Hunt of bli itli on e\eition 

Night months lafoit entrv la lugan to have nltnds of nocturnal dyspnea, 
gradually followed by t* ndc rm -s n f< rr» d to the Im r, mid edema of tin lops 1'or 
two mouths ho hid tint u id tintlid los< of appf tite mid imien i 

'I lie la irt was nimkulh enlaipod to pt mission \ mint systolic murmur was 
licnd along the loft Imrdir of the ‘>t< mum 1 lie second pulmnnn sound was 
slighllv more m oontuatid than tin aortic both with a ringing note The per 
lplieral vt L sols were selmo-id 'I he lungs shown! signs of diffuse bronchitis Hie 
Intr iib’C on por<us*on» was ", «m helow tla uMal margin, not felt on ni count of 
the muiki d t< tide tm " 'lluu was edi tun of tla rviicmitu-. and ovir the sacrum 
'lhc in nit shown! i large amount of olhtumu and outs 'J he hh-od pres-urc 
was 220 

U the tune tla> nK ami wat<r lists w< re made tla pitnut showed a const uit 
(limosis, with inahilitv, howevir. to e\i n t< silt Lutoo* mat mdul were dclnved 
in exi return phtlmbin va* put out onh in tract « the ur» i in the ldooil was 
liuiei.Md 'Unis fumtioualh and dunttlh the patniit v as suffering from a 
lullin' of eu dine tompi mulion, with marl id nephritis l mler treatment ctrdiac 
i ompciisiition was lirgdv rt ginned '11a butoe htiviier. remained dthived, tho 
phthalfin showed a slight relative itunise, hut persisUnth runainod far helow 
not mat (never lemming tnor< than do per nut tm tvo hours), and uiea in the 
blood did not diminish '1 lie pttu’it dud 1 nforluiiatelv no mttnpsv was per- 
ni it led 

No S2/>2! is veiv similar A 1 tlmn r, Hi \i irs old His faniilv and previous 
lustorv win* tnyutive so far as 1 noon 

'Jwo weeks heioie entrv tin pitient was sudduilv sei/id with cliillmr?s, fol- 
lowed hv pmonlml distress mid cough Hirm davs later swelling of the legs was 
noted 

l’hvsical i \mmnnlioji showed an enlarged heart with marked arhvthnun 
Hiere were no nnumuts 'Ihe aorta s<<ond somul was imging 3 here was 
marked sclerosis of the periphnnl vessels and edema of the legs which shorllv 
disajipe lied 'J he blood pressure vv is 100 '1 be limit showed albumin and casts 
in abiimlmiee 

1 unci tonal tests sliovvid no polvurm, salt well e\eietod, and lodid normal 
No lac{o 5 o was excreted in twelve bonis, it j>er tent of phthnlein for two hours 
'J lie urea of the blood was nimkcdh ineri iscd A week later the plithalcm 
(hopped to ‘10 pei cent for two hours, and two weeks later to 10 per cent for 
two hours '1 ho general condition lnd not improved, the patient showing to\ic 
sv mptoins After bleeding and sw citing lie became moio tomfoi table mcl the 
plithalcm lose to 23 per cent foi two hours lie improved clinic vhv under rest, 
Ins plillmlein, hovvevei, not increasing 

No 82,303 is a case of advanced nephritis with cimlnc dilatation and uremia 
Hie patient was a barber, 43 vcais old 

Ills father bad died of ‘diopsv and asthma ” In bis youth f lie patient Inc 
“clnldien’s diseises” Foi the past fom veais he bad been a heavv drinkei 

Foi six months he had noticed m elm in For two weeks before entrv he me 
sufleicd fiom “nocturnal dv spnea” which lmd fmallv become constant, and was 
iccompamed In iapid onset of geneinl edema 

Physical examination icvealed a cynnoscd, djspncic man The cardiac impu sc 
was diffuse, heaving, and the aiea of dulncss mci cased A blowing svsoic 
muir'ui was liemd at the apex, tinnsnnttcd to the axilla and a miuinur o > 
feiont pitch and intensity at the base, tiansmitlcd to the vessels of tic nec ’ 

A pericaidial fnction sound was licaid at the xvphoid caitilnge The perip icra 
vessels weie markedly scleiosed 
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In tlie chest veie heaid numerous scattered rales The liver was readily felt 
and was tender There was marked edema of the extremities and sacrum, slight 
of the face and gepitalia The blood-pressure was 216 to 200 

Functional tests showed that urine was excreted m the same amounts as the 
fluid intake, with salt excreted m excess of the intake Iodid excretion was 
normal No lactose was recovered, and only a trace of phthalem m two hours 
The nitrogen of the blood was not mci eased Clinically and functionally the case 
suggested advanced nephritis with cardiac decompensation 

The patient’s cardiac condition improved The phthalem rose slightly (to 13 
per cent for one hour) A month aftei this observation the patient suddenly 
developed convulsions and died Unfortunately no functional tests were repeated, 
save a determination of total nitrogen m the seium, which was not increased 

Autopsy showed cardiac hypertiophy and dilatation, with marked chronic pas- 
sive congestion and advanced subacute and chronic nephritis 

This case is intei estmg m showing that nitrogen determinations of 
the blood-serum may not be of value when negative, agreeing with the 
observations of Strauss , 24 who constantly found low figures m patients 
with chronic parenchymatous nephritis who died of uremia 

No 81,161 is a similai case Laborer, 40 years old 

His previous lustoiy included measles, mumps and occasional attacks of ton- 
sillitis 

For eight years the patient had been short of breath on exertion, and twice 
had had swelling of lus feet 

He entered the hospital for gradually increasing dyspnea, orthopnea and 
edema 

The heart was enlarged on percussion, no murmurs heard The aortic second 
sound was accentuated The peripheral vessels were readily palpable The lungs 
gave signs of diffuse bronchitis There was shifting intra-abdominal dulness, and 
edema of dependent parts The urine showed large amounts of albumin and casts 
Blood-pressure varied between 180 and 150 

Functional tests showed frank polyuria, with salt fairly excreted The excre- 
tion of iodid was, however, markedly delayed, and no lactose or phthalem were 
recovered Therefoie, functionally the patient had a marked nephritis That 
nephritis was the important picture was supported by the facts that despite rest 
in bed and cardiac improvement, the phthalem was not excreted The patient 
died with symptoms of uremia The diagnosis of nephritis and cardiac insuffi- 
ciency was confirmed at autopsy 

On the whole, studies of renal function m such cases are of the utmost 
value If considered along with the clinical picture, and repeated at 
intervals, they furnish most valuable information regarding the relative 
responsibility of the heart or kidney m producing the clinical condition 

GROUP V — MISCELLANEOUS CASES 

The cases m this group appeared atypical from the point of view of 
nephritis both clinically and functionally The clinical diagnoses were 
cases of suspected syphilitic nephritis, of suspected amyloid nephritis, of 
nephrolithiasis, of polyserositis, and of carcinomatosis with Bence-Jones 
albumosuria Each case is piesented m detail 

No 81,373 Housewife, aged 27 

Her family and previous history were unimportant She enteied with a history 
of cough for two months, accompanied by shortness of breath, disturbances m 
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vision, nyctuna, and loss of weight Phjsical examination mealed a henit not 
enlaiged, with a faint apical systolic muimur not transmitted to axilla 01 hack 
The lungs showed a slightly dull right apex over winch were heaid numerous 
coarse i files The abdomen and extremities were not remarkable From the facts 
that no tubeicle bacilli w'eie found m the sputum, that the Wasseimann icaction 
was positive, and that at entij there was albumin and casts m the mine, it seemed 
possible that the lenal condition might be syphilitic 

The functional studies aie as tabulated The patient was able to excrete salt 
and lactose normally, but the plithalem w r as only 38 per cent foi two hours 
Iodid was not given, since the patient was lcceivmg the diug medicinally How 
ever, under treatment the phthalem m a month v as GO per cen+ foi two houis, 
the general condition had impioied markedly, theie weie no longei casts or albu 
nnn in the urine Iherefoie, it does not seem justifiable to class this patient 
among nephritics 

No 79,832 Laborei, 30 jeais old 
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Entered with an unimpoitant familj and pieiious history Eight davs befoie 
admission he complained of redness, heat and swelling m his left ankle, which 
ascended to the knee On physical examination the heai t w T as negatne save foi 
a sjstolic bruit tiansmitted from apex to axilla Otherwise physical exannna 
tion. W'as negative except foi the joint condition The patient ran a pi oti acted 
course of irregulai fever, developing fluid or pus in vanous joints The spleen 
became palpable, obscure signs in the chest and abdomen occuiied During 
obserration the blood pressure steadily lose, albumin appeared m the mine, witi 
many casts Clinically amyloid nephutis was suggested 

The kidneys showed noimal function save that the lactose was not entire} 
excreted within twelve liouis, while the phthalem was on the low r ei border o 
normal (55 pei cent foi tw r o houis), findings which suggested either a veiy mi 
nephritis or chronic passive congestion without neplmtis 

The autopsy (No 3,713) thiee months later was especially interesting T eie 
was a large retroperitoneal abscess walled off by a mass of chronic inflamma oi \ 
tissue in which the capsules of the kidneys w r ere imbedded The kidneys weie o 
normal size and grossly did not appear remarkable Micioscopically, howeiei, 
they showed wellmaiked congestion of capillaries without evidence of acu e 
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cluotuc nephritis It is suggested that the functional picture obtained was due to 
congestion caused by pressuie from the abscess There is no positive proof 
The°functional results, however, aie identical with those obtained expenmenta ly 
in mild passive congestion 

No 82,004 Tailoi, 42 years old , 

Family and previous history were negative save for small-pox and acute ai ocu- 
lar iheumatism m youth He had passed “renal calculi ” 

One week before entry he was suddenly seized with pam m the right flank, 
coming m attacks for variable lengths of time, radiating to the hypogasti mm, and 
so seveie as to require morphm 

Physical examination showed a man slightly cyanosed and dyspneic His 
heart was not enlarged, but the aoitic second sound was ringing The lungs were 
negative, the abdomen was negative save for slight tenderness m the legion of the 
right kidney The blood-pressuie at entry was 160, but lapidly fell to 130 The 
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urine showed a specific gravity of 1,020, a tiace of albumin, some led blood cor- 
puscles and leukocytes but no casts On the day of discliaige a fleshly passed 
specimen showed no albumin, blood or casts 

The functional tests showed the patient unable to exciete salt and having a 
low phthalem output (28 per cent for two hours) Lactose and iodic! excretions 
were normal The patient passed calculi, but refused to leniam m the hospital 
longei The decreased renal function m this case was piobably due to the injury 
fiom renal calculi It is impossible to decide from the limited studv of the 
case wdiether m addition there was a co existent chronic neplmtis, but the findings 
seem of sufficient intei est to be repoited m detail 

No 81,925 Steward, 32 years old 

Enteied for the third time His family and pievious lustoiy w 7 ere negative 
He had entered the hospital seven years previously with the same history as at 
present, \iz “Hemorrhage from the bowels and weakness” His previous diag- 
noses were variable It seems piobable that the patient had either Banti’s disease 
or a tuberculous polyserositis Physical examination suggested an adherent 
peneardium, there was an enlarged liver and spleen with ascites Theie w'as 
slight edema of legs The patient was markedly anemic, 26 per cent hemoHobm 
2 300,000 red cell* 
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When fhsfc tested foi ienal function the patient was unable to excrete salt 
well, tlie phthalem was 20 pei cent for two hours Lactose and lodid were 
noim.il A phtlmlem test icpeated two weeks later showed 55 per cent for one 
hour and 70 per cent for two It seems possible that salt excretion may have 
been disturbed m this case by extra-renal factors The low phthalem in excre 
tion may in part have been due to anemia, as at the second reading his blood con 
dition had improved — Hgb now 55 per cent and 1,000,000 R B C Considering 
the later test and other results, the impression is that the patient had no nephritis 

No 82,971 Housewife, 35 years old®-' 

The patient’s father died of “cancer ” She had always been w T ell until six 
months before entrj, when she noticed pain in her right hip Two months later 
her left lnp became tender, a month later she noticed a small mass in her right 
breast which grew rapidly in sue 

In the last few weeks she had grown very weak, since her illness began she 
had lost 40 pounds m weight 

Ilei physical examination was negative save for a tumor of the right breast 
with involvement of sacrum, iliac bones, femur and fibulae There was a sugges 
tion of involvement of the frontal bone and spine The urine contained Bence 
Jones piotem but no blood or casts Tests of renal function showed that the 
patient was unable to concentrate salt or to excrete it through diuresis, to excrete 
lodid or phthalem normal!}, while her lactose was slightly delayed The func 
tional results here suggested more than any others obtained a tubular nephritis 
with tubular hyposthenuria The patient died, but there was no autopsy per- 
mitted, therefore the significance of these findings can not be determined 

On the whole, this group is of interest as illustrating ceitam atypical 
findings It is difficult to mterpiet the cases and results more thoroughly 

GENERAL SUMMARY 

Oui studies pennit of the following summaiy and deductions 

1 In the group of cases studied the quantity of unne has been 
variable Theie has been no constant relationship between the existence 
of polyuria or oliguria and the condition of the patient as determined 
by othei functional studies oi clinical observation 

In cases with cardiac involvement the amount of mine has been 
exceedingly variable apparently depending on the degiee of myocardial 
insufficiency, edema or other extra-renal influences lienee, the quantity 
of mine was of little value m determining the condition of renal 
function 

2 The specific gravity of the urine m the most advanced cases of 
nephritis has been constantly low, m other cases variable In general, 
cases with cardiac decompensation have shown a mine of highei specific 
gravity than those with pure nephritis, and cases of advanced nephritis 
with cardiac insufficiency have shown a less concentrated urine than cases 
of cardiac insufficiency with little nephritis 

3 Sodium chlond added to the diet m considerable amounts has been 
excreted normally m the majority of eases studied In advanced neph- 
ritis it has been excreted m amounts less than those ingested In neph- 

35 Reported by Drs Boggs and Guthrie, Bull Johns Hopkins Hosp, Decern 
bei, 1912 
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ntis with caidiac decompensation its excretion has varied, certain cases 
retaining it — whether or not complicated by edema — others of more 
advanced nephritis clinically and functionally, excreting moie than 
ingested 

Moieover, these studies have suggested that patients who have been 
on a salt-poor diet for any considerable length of time, are unable to 
excrete added amounts readily, nrespective of the cardio-renal condition 
Therefore, the study of salt excretion alone, as a test foi lenal function, 
is of little value Its value consists m affording corroborative evidence 
to other tests, but owing to the many extia-renal factors to which it is 
subjected, its absolute value is slight 

4 Lactose excretion has been delayed m all cases of nephritis or 
chronic passive congestion Cases m which no lactose has been recovered 
m the urine within twelve hours after injection were clinically instances 
of severe nephntis Although the failure of lactose to appear m the urine 
is of considerable value prognostically, we do not feel that the numbei of 
hours necessary for complete elimination is a valuable index of the renal 
condition 

As already indicated, the mechanism of its excretion is not deter- 
mined, although it must differ essentially from that of lodid, salt or 
phthalem A marked delay m its excretion suggests a disturbance of 
lenal function which may be manifested m no other way Its exact 
significance is unknown 

5 The potassium lodid excretion has varied maikedly In the cases 
of most marked nephritis it has been delayed In cases of congestion 
clinically suggesting but little nephritic involvement, it has also been 
delayed In one case clinically of advanced nephntis (confiimed by 
autopsy) it has been normal There seems to be no constant relationship 
between the degree of nephritis or of congestion and the excietion of the 
drug Hence its time of excietion as a test for lenal function is prac- 
tically worthless 

6 Phthalem has been excreted m amounts paralleling the degiee of 
functional involvement of the kidney, as indicated by the clinical con- 
dition, subsequent history, or autopsy In marked chronic passive con- 
gestion without nephntis it has been low at first, but has returned rapidly 
to noimal with improvement of circulation In cases of chronic passive 
congestion with nephritis its excietion has lemamed persistently low 
appai ently indicating the actual functional capacity of the kidney 

Therefore, the phthalem test for lenal function has affoided the most 
reliable information as to renal efficiency and has been of great value m 
differentiating functional incapacity due to nephritis from that due to 
chronic passive congestion 
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7 The maiked accumulation of incoagulable nitrogen in the blood 
when piesent is valuable evidence of lenal insufficiency How gieat the 
value of tins test is we are unable to state fiom our own experience 

Oui cases which coi respond to those studied by Schlayer are con- 
sideied m Groups II and III The first are of “vasculai nephritis 55 
predominantly This is evidenced by a delayed lactose excretion accom- 
panied in one case by ‘'vasculai hyposthenuria 55 and diuresis Tubulai 
function was normal as indicated by the ability to concentiate salt and 
by a normal lodid excretion 

The cases of Gioup III would fall into eithei his groups of “tubulo- 
vascular 55 01 “vasculo-tubular' 5 nephritis Lactose excretion is delayed, 
m many instances there is hyposthenuria of a mixed tjqie The tubes 
aie involved as shown by then inability to concentrate salt and in certain 
ca^es by a delay m the lodid excietion 

The chief impoitance m studying cases m this way is the ability 
affoided to lecognize as eaily as possible abnormalities m renal function, 
and by repeating these tests oiei intervals of time to follow the subse- 
quent couise of the disease m any individual patient For piactical pur- 
poses it seems from these studies that m advanced nephritis the phthalem 
and incoagulable nitrogen tests gne moie definite and reliable informa- 
tion prognostically than the otheis used, m eaily cases or suspected cases, 
the lactose, lodid and salt tests may' proie of value 

CONCLUSIONS 

1 The functional condition of the i Kidney tan unquestionably be 
determined much mote accurately by the use of these tests than thiouqh 
oidmaiy clinical studies alone 

2 The phthalem test is of great diagnostic and prognostic value 
Foi geneial use it is of more \alue prognostically than any other single 
test, diagnostically, also, it is of value m cardioi enal disease for deter- 
mining the relative responsibility of the heai t or kidney for the clinical 
condition 

The lactose test is of great value diagnostically m detemuning the 
existence of abnormal renal function The significance of its delayed 
excretion is obscure The suppression of the excretion of lactose may be 
of considerable value prognostically 

The salt test if considered alone is of no value, since it is subjected 
to so many extra-renal factois When considered m conjunction with 
clinical and other functional studies, it may prove of some value diagnos- 
tically and prognostically 

The amount of water excreted m cases of puie nephritis m response 
to sodium chlond stimulation may be of diagnostic value 

The potassium lodid test is of little value diagnostically or prog- 
nostically 
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The marked accumulation m the blood of incoagulable nitrogen, m 
cases of nephritis when present, is of considerable prognostic value 

3 It is possible m cases of caidioienal disease with varying degrees 
of chronic passive congestion and nephritis to determine which factor is 
of greater importance m the causation of the clinical picture encountered 
This can be done most readily by repeated phthalem tests, while the 
determination of incoagulable nitrogen m the blood may also be of value 
The lactose and lodid tests are of no value m this respect 

4 It is possible by these tests to diagnosticate the piesence or absence 
of impairment of renal function m cases m which clinically nephritis is 
suggested In this respect the lactose and phthalem tests are of most 
value 

5 Before feeling convinced of the justifiability of drawing conclusions 
lelative to the involvement of the vascular or tubular functions undei 
pathological conditions, we feel that a much deepei knowledge concerning 
the physiology of the excretion of these vanous substances studied is 
necessary 

It is with the gieatest pleasure that we acknowledge our indebtedness to Di 
Barkei, Di Thayer, and the other members of the medical staff of the Johns 
Hopkins Hospital foi their cooperation and mteiest m this work To Dr Thayer 
we are paiticularly grateful for many helpful suggestions and for clinical material 



EXPERIMENTAL OBSERVATIONS ON THE EFFECTS 
OF THE ADMINISTRATION OF IODIN IN THREE 
CASES OF THYROID CARCINOMA (TWO 
HHMAN AND ONE CANINE) 

DAVID MARINE, MD, and A A JOHNSON, MD 

CLEVELAND 

Theie is no doubt that m the development of normal tissues stiuc- 
tuial differentiation and functional diffeientiation paiallel each other, 
but m the case of tumois little is known as to whethei any such paiallel- 
lsm exists One obvious leason foi this is that very few of the tissues from 
which tumors most fiequently develop have any leadily estimated physi- 
ological attributes Beginnings have been made m this dnection m the 
case of adienal tumois (hyperneplnomas) thiough investigations for 
the piesence of the specific piessor substance 1 So also consideiable woik 
has been done vv ith lipomas by v\ ay of chemical anal} sis and comparison 
with the fat of noimal adipose tissues 2 Foi investigations m this field 
it has long seemed to us that the tliyioid offeied most favorable con- 
ditions Thus its aiclntecture is simple, it is localized, easily accessible 
and has a wide lange of moiphological vanations within the limits of 
normal functional activity In man it is one of the most frequent 
sites for tumor development, paiticulaily the adenomas The most 
favorable factoi, however, is that the easily deteimined 10dm offeis a fair 
test for the functional activity of this tissue Thus it is well known that 
10dm to a marked degree contiols the moipholog’cal changes associated 
with the physiological variations and overgiowths m the gland and also 
that 10dm is an essential constituent of the active principle of the gland s 
secietion It is on the basis of a lather extensive experience with the 
relation of the 10dm content to gland structuie and on the comparative 
effects of 10dm on the tliyioid m vanous phases of physiological activity 
that some years ago one of us undeitook the study of the relation of the 
10dm content of benign epithelial tumors (adenomas) to their histological 
structure and of the effect of the administration of 10dm on such tumors 
m comparison with its effects on the adjacent non-tumor thyroid Some 
of these observations have been published 3 Summarizing briefly it was 

*From the H K Cushing Laboratory of Experimental Medicine and the Depart 
ment of Pathology, Western Reserve Umveisitv 

^Manuscript submitted for publication Dec 16 1912 

1 Brooks Jour Exper Med , 1911, xiv, 550 

2 Wells The Archives Int Med 1912, x, 297 

3 Marine Jour Med Research, 1913, xxvn, 228 
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found that all benign epithelial tumors have some capacity for 10dm, but 
that this is always much below that of the adjacent non- tumor thyroid 
There are vanations m the capacity of these tumors for 10dm which m a 
general way run parallel with the degiee of morphologic differentiation 
Thus simple adenomas or the most differentiated group have the greatest 
capacity, approaching closely m some instances to that of the non-tumoi 
thyroid tissues, while the fetal adenomas, or the least differentiated have 
the least capacity for 10dm In the interpretation of these findings it 
was suggested that benign epithelial tumors of the thyroid aie only 
paitial tumors, m that they still have preserved, to some degree at least, 
one easily detectable, physiological attribute of the non-tumor thyroid 
tissue 

In view, therefore, of the well-known 10dm relations m the simple 
non-tumor functional hyperplasias (goitei) and of the findings m the 
benign epithelial tumois, it seemed of importance to extend these obser- 
vations to include malignant epithelial hypeiplasias of the thjroid 
During the past year two opportunities foi such observations m man have 
occurred, and it is through the couitesy of Drs C A Hamann and E P 
Carter, m whose services at the City Hospital the cases were admitted, that 
we have been able to observe and follow them to their termination In 
both cases a portion of the thyioid tumoi was removed seveial months 
before death, 10dm was administered foi a long penod of time and 
autopsies were obtained Abstracts of the cases follow 

ABSTRACTS OF CASES 

Case 1 — J K , City Hospital Ho 11766, admitted November 2, 1911 Male, 
Pole, aged 37, laborei Owing to poor interpi etation only a partial history was 
obtained 

Complaint Enlargement of the neck with pain 
Physical Examination — Patient was well developed and fairly well nounshed 
There was slight bilateral prominence of the eyes, no tremor, no tachycaidia 
General glandular enlargement with an increase m the size of the thyroid involv- 
ing both lobes and the isthmus The thyioid was somewhat tender on pressure and 
on deep palpation was slightly nodular Admission temperature 102 3 F , pulse 
SO, respiration 18 Thyroiditis was suspected Blood Examination Hgb 85 
per cent , K B C 4,200,000, W B C 8,600 Differential count Polynjorplis 
67 per cent , mononuclears 10 per cent , lymphocytes 17 per cent , eosinophils 1 
per cent , transitionals 5 per cent Unne on November 16 showed a trace of 
albumin 

November 5, 1911, measurement of neck m largest circumference 42 cm 

November 12, 1911, measurement of neck m largest circumference 40 cm 
Temperature 98 F , pulse 90, respiration 20 The thyroid at this time was dis- 
tinctly nodular and apparently adherent to adjacent structures A small 
nodule was made out just above the clavicle on the left side Malignancy was 
suspected at this time 

Nov 14, 1911 Syrup of fenous lodid was begun m doses of 8 minims t i d 
The condition of the patient remained but little changed until November 25 when 
Dr Hamann removed the left lobe, isthmus and part of the right lobe 
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Pathological Repoit — Right lobe and isthmial poihon The mass is haid, 
slightly nodulai and coveied with numerous tags of tissue fiom the separation of 
libious adhesions It has neitliei the shape nor the general appearance of thyroid 
Weight of mass 76 grams On section the surface nodules are found to he adeno 
matous masses five in number, the laigost measuring 3 by 3 cm One contains 
calcaicous deposits, another is cystic, and the smaller ones are glandulai through 
out These adenomas are imbedded in a hard, white scar tissue throughout w Inch 
aie yellowish, necrotic areas varying in size from 1 mm to G 8 mm These areas 
lesemble the caseation seen m certain types of tubeiculosis oi actinomycosis No 
true thvioid paienchyma is made out The geneial appearance is that of a chionic 
inflammatory process m a pre existing adenomatous goiter 

Microscopic Examination — Sections from seven areas of the tumor mass were 
studied In only one was theic evidence of non tumor thyroid tissue and this was 
very sclerotic, with small, shi unhen follicles Sections through two of the 
idenomas levealed cliaractei istic adenomatous structure composed of small, uni 
form, closely set colloid containing follicles m the subcapsular zone with atroplij 
and hyaline degeneration of the central portion The non adenomatous tissue is 
foi the most part dense, infiltrated fibrous tissue with scatteied islands of tumoi 
cells occupying clefts and quite frequently filling the lumma or veins These 
tumor areas correspond to the necrotic yellowish areas noted m the gross specimen 
The cells are uniformly distributed tlnoughout a given tumor aiea with no differ 
entiation into follicle formations The cells are highly irregular in size Their 
nuclei are lnegulai in size and staining intensity, .esemblmg saicoma as much as 
caicmoma Hemorrhage and necrosis are present m all the larger areas In a few 
of the areas suggestive follicle formations are present owing to the presence of 
veiy scant stroma On this account the possibility of the tumor being one of 
those rare saicocarcmomas comparable to those described bv Wells 4 m the dog, 
bv Leo Loeb 5 in the rat, and Woolley 0 m man, was considered Almost all of the 
described cases of this double tumor have been pi unary thy roid tumors A studv 
of the metastases m our case eliminates this possibility 

Dec 1, 1911 Wound healing, back rest, temperature 98 to 99 F , pulse 90 to 
100, respiration 18 to 20 

Dec S, 1911 Sodium lodid grs 3 t i d substituted for the syrup of ferrous 
lodid Wound healed, tempeiature normal, pulse SO to 90, inspirations 20 

Dec 18, 1911 Patient complains of pain in the Tight thigh and knee A small 
mass on the inner side of the right ilium was made out X lay plates at this time 
were negative 

Dec 23, 1911 Patient’s general condition fan Was discliaiged 
Jan 2, 1912 Patient le admitted complaining of pain in the region of the 
ghth rib in the right axillary line and in the light hip Physical examination 
lows no noteworthy change in the neck region T1 ere is a small palpable tumor 
ass attached to the eighth rib m the axillary line and a tender mass in the light 
tgumal region The face had a sallow, puffy appearance There is increased 
illness over the manubrium The superficial veins of the thorax and abdomen 
re becoming prominent and somewhat tortuous An as-ray plate taken at this 
me shows mediastinal growth extending to the left and to the right of the base 
E the heart, also a mass m the left ninth nb posteriory 
Jan 11, 1912 Complains of pain in the right inguinal region and m the right 
rm The face is cyanotic and edematous, veins of the neck very much distended 
Jail 15, 1912 Patient is quite ill, face greatly enlarged and cyanotic The 
impoial veins are much distended Motor power on the right side is decreased 
eflexes diminished Right arm swollen 

$ Wells, H C Jour Pathol and Bacteriol , 1901, vu, 357 
5 Loeb, Leo Am Jour Med Sc , 1903, N S exxv, 243 
G Woolley, P C Am Med , 1902, iv, 331 
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Jan 16, 1912 Tongue enlarged Speech and swallowing difficult Moiphin 
gis % two to three times per day necessary to control pam 

Feb 24 1912 The mass m the right inguinal legion had progi essively 
enlarged Supeificial veins of the abdomen and thorax have undergone further 
enlaigement and edema of the face, tongue and neck region is very much lessened 
March 16, 1912 Patient had lost much weight, most marked pam now is m 
the thoiax Well developed collateial circulation aiound the obstructed supenoi 
vena cava 

April 9, 1912 Obstinate constipation, great emaciation, continuous pam, 
anxious pinched appearance, catheterization necessary 

April 19, 1912 Patient died this morning Autopsy three hours later 
Autopsy Report — Body length 170 cm Marked emaciation, ngoi mortis 
piesent 

Old thyroidectomy wound The laryngeal cartilages and neck muscles aie 
obscured by diffuse subcutaneous thickening There is marked tortuosity of the 
veins of the chest and abdomen A large rounded mass about 12 cm m diametei 
m the right iliac fossa The right leg muscles are distinctly atrophic 

Internal On lemovmg the sternum the tumoi mass was found to involve 
the manubrium and both clavicles No excess of fluid m the pleural cavities The 
thymus area is replaced by tumor tissue which is continuous with the thyroid 
area above Right lung free from adhesions and air-containing Many nodules 
vaiymg fiom 1 to 5 cm m diametei are scatteied thioughout the lung No 
consolidation Bronchi reddened and contain some mucopurulent exudate Left 
Lung Few adhesions at apex and neai the base, air-eontammg Multiple tumor 
nodules of approximately the same size and distribution as m the light lung 
These tumor nodules are grayish opaque m color Many of the masses hare 
central areas of neciosis In the eighth rib on the light side there is a fusifoim 
swelling which on section proved to be a medullary metastasis On the left side 
springing from the ninth rib is a hemispherical mass 4 by 5 cm m diameter 
piojectmg into the pleural cavity but completely eoveied with pleuia 

Heart Pericaidial surfaces smooth Theie is no excess of fluid Heart 
muscle soft and flabby The superior cava is completely blocked by tumoi growth, 
distending the vessel to a diameter of 2 to 2 5 cm and extending up into the 
mnominates and down into the right auricle Pulmonary veins, mfenor cava, 
aorta, and pulmonai y artery f i ee Liver Normal appearance, free from metastasis 
Spleen Slightly enlarged Malpighian bodies and trabeculae prominent Kid- 
neys Right measures 11 by 6 5 by 4 5 cm Capsule stups readily On the surface 
are many yellowish raised spots distributed ovei the entire cortex On section the 
suiface spots extend through the cortex as yellow stieaks Left kidney similai 
m all respects to the light Adrenals normal Pancreas normal There is a 
small metastasis m the mesentery of the tiansverse colon Occupying the right 
iliac fossa and elevating the ihacus muscle and crural nerves, also extending down- 
waid into the pelvis and involving the rectum, is a laige mass about 15 cm 
m diameter The mass extends through the ilium, involved the ischium at the 
acetabulum, and also the right side of the sacrum On section the tumor tissue 
is soft, grayish, hemorrhagic, with extensive areas of necrosis There is a separate 
metastasis m the body of the fifth lumbar vertebra The thyroid area was removed 
with the tongue The left lobe and isthmus are operatively absent The entire 
area was now filled with seal tissue and tumor growth The right lobe area 
contains a tumor mass in which no distinct thyroid tissue is visible The 
esophagus is free save for very prominent varices m the upper and lowei thirds 
Several small tumor masses pro 3 ect into the lumen of the tiachea between the 
cncoid cartilage and the bifurcation 

Microscopic Examination — Pancreas and livei normal Spleen Malpighian 
bodies and pulp cells well preserved Kidney No increase m connective tissue 
Throughout the cortex are n regular areas of cellular exudate composed for the 
most part of polymorphonuclear leukocytes In some of the areas the tubules 
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remained visible while m otlieis actual abscess foimation has taken place 
Throughout all the acute inflammatoiy areas the tubules contain pus cells Diag- 
nosis Acute suppurative nephritis Ileai t muscle normal Lung Congested, 
moderate coal pigmentation, free from inflammatoiy exudate 

Thyroid Area — Right Lobe Four sections No tiace of thyioid tissue visible 
Extensive areas of tumor cells m the dense stroma The tumoi masses for the 
most pait show no follicle foimation In some, however, slight differentiation but 
without formation of lumma can be made out Same n regularities m the cell 
types as weie noted m the operatne specimen 

Lung Metastases Slight encapsulation central areas necrotic The cortical 
/one is divided into small columns and strands of tumor cells by a very delicate 
vasculai stroma Slight evidence of follicle foimation The inguinal tumor mass 
also exhibits slight follicle formation Rib metastasis Fibrous stroma more 
piomment and distinct follicle formations can be made out, some of which contain 
colloid like material The tissue is distinctly thjroid m tjpe although the cells 
aie as atjpical as in other metastases, with less evidence of follicle formation 
The bronchial lymph glands contain tumor metastases, the cells of which showed 
no follicle formation Tumor from superior car a contain a delicate capillary 
stroma in places outlining very lircgulai attempts at follicle formation The cell 
types are highly megular Nuclear figuies aie piesent 

Anatomical Diagnosis — Adenocarcinoma of the tliyioid, medullary type Met 
astases into trachea, the mediastinum, bronchial lymph glands lungs, ribs, fifth 
lumbar veitebra and ilium Acute suppuratnc nephritis 

Iodm detei mmations w ere made on several of the tissues and metastatic tumor 
nodules obtained at post-mortenr as well as on the tumoi mass lemored at opera- 
tion 

Iodin Determinations — Opciatne Specimen No 1 The seal -like tissue cor- 
lespondirg to the thjroid aiea contains 0 02 mg per gram of dried tissue 

No 2 — Adenoma freed from all other tissues contains 0 17 mg per giam of 
dned tissue 

Autopsy Tissues 

No 1 — Livei Iodm per gram dned tissue, 0 00 mg, or a ti ice 
No 2 — Kidney Iodm per gram dried tissue, 0 01 mg 
No 3 — Pancreas Iodm per gram dned tissue, 0 03 mg 
No 4 — Spleen Iodm per gram dried tissue, 0 00 mg 
No 5 — Lung Iodm pei gram dried tissue, 0 00 or a trace 
No G — Lung Metastasis Iodm pei giam dned tissue, 0 00 mg 
No 7 — Rib Metastasis Iodm per gram dned tissue, 0 00 mg 
No 8 — Iliac Metastasis Iodm per gram dned tissue, 0 00 mg 
No 9 — lumoi from the site of the light lobe Iodm per gram of dned tissue, 
0 00 mg 

Iodm Administration Nor 14 to Dec 8, 1911, syrup of fenous lodid 34 c c 
lecembei 8 to 20, sodium xodid 12 gm January 8 to April 15, 1912, syiup of fer- 
ous lodid 181 cc Total iodm before operation, 17 c c sjrup feirous lodid Total 
odin aftei operation, 12 gm of sodium lodid and 198 c c of syiup ferrous lodid 
Case 2 — S R, City Hospital No 11,107, admitted Sept 11, 1911 Female, 
Hungarian, aged 39 Complaint, cough with loss of weight for the past ten 
months Past history not obtained 

Physical Examination — Fair development, poorly noui ished and cachectic 
appearance There is a unilateral tumor mass 5 cm m diameter m the region of 
the left lateral lobe of the thyroid Patient has noticed this enlargement for 
seven years Right lobe slightly enlarged but with normal outline The chest is 
long and the costal angle narrowed There is distinct dulness over the right apex 
and bronchial bieatlung over both apex and base Heart, abdomen, and extremi- 
ties negative No blood examination Trace of albumin first noticed December 23, 
which continued until death Repeated examinations of the sputum for tubercle 
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bacilli negative until April 30, 1912, although patient had afternoon temperatuie 
of 101 to 102 8 F with pulse averaging 100 to 110 

Dec 3, 1911 General condition of patient about the same as at admission 
The thyroid tumoi had enlarged slightly It is quite hard and not painful Dis- 
placement of the larynx to which the tumor mass is firmly attached Skin movable 
over the tumoi Several isolated nodules aie palpable m the left supraclavieulai 
fossa There is distinct dulness over the left apex of the lung and ®-ray plates 
showed rather dense shadows m both apices 

Dec 12, 1911 Evidence of tracheal stenosis and operation advised 

Dec 20, 1911 The tumor mass was removed 

Pathological Repoi t — The mass consists of the left lobe and isthmus It is 
film, nodular, and for the most pait encapsulated but m places the tumor tissue 
extends through Two of the superficial veins are filled with tumor tissue On 
section the tumor mass is whitish, opaque, with a few small necrotic areas The 
tumor is sharply defined from the non-tumor tliyioid tissue which has all the 
appearances of normal thyroid tissue Coarse fibrous strands cut the tumoi mass 
into lobules In places colloid-like substance is seen 

Microscopic Examination — The non-tumor thyioid tissue is unifoimly colloid- 
contaimng, slightly stretched by the growing tumor but m all lespects resembles 
pure colloid thyroid The tumoi is for the most part undifferentiated into fol- 
licles The interim portion is composed of irregular columns of large cuboidal 
cells closely set and for the most pait without evidence of lumma Tlieie aie 
aieas throughout this portion of the tumoi m which irregular follicle foimations 
occur In the peripheral parts of the tumor follicle formation is absent There is 
a distinct alveolar arrangement dependent on the stroma The tumor cells aie 
somewhat irregular, elongated, and with their long axes arranged ladially m the 
alveolus No adenoma-like areas weie made out Diagnosis, medullaiy cai- 
cmomas 

Dec 24, 1911 Recoveiy from operation uncomplicated Temperature 99 to 
101 F , pulse 110 to 115 Sodium lodid grains 5, daily Patient complains of 
pain m the right hip 

Jan 10, 1912 Cachexia and emaciation notimpioved, breathing is bettei The 
right leg is swollen and somewhat painful X-ray at this time shows metastases 
m the right side of the sacrum 

Feb 27, 1912 Syrup of ferrous lodid minims 10 t i d was substituted for 
sodium lodid Flatness over the right chest and the mfraclavicular region of the 
left with dulness beneath the manubrium No recunent growth m the thyroid 
region 

March 20, 1912 Patient’s condition progressively downward Respiration 24 
to 28, pulse 110 to 113, temperature 99 to 100 Constant pain m the sacro-iliae 
region 

Apul 30, 1912 Sputum contains tubercle bacilli Transferred to tuberculosis 
sanitarium and died theie May 3, 1912 

Autopsy — Autopsy May 5, 1912, after overcoming some difficulties The bodv 
was not embalmed and was m a good state of preservation Slight discoloration 
of the abdomen Examination confined to the chest and abdomen Thyroid area 
Right lobe normal shape, enlarged about twice the normal size Firm, translucent, 
and on section contains abundant colloid A cystic adenoma 2 cm m diameter is 
imbedded m this lobe The isthmus was removed at operation The left lobe foi 
the most part was removed There is, however, a mass of tissue 4 by 1 5 cm 
occupying the site of the left lobe, and adherent to the surrounding structures 
On examination this mass is found to contain both colloid and cancerous thyroid 
tissue The thymus area contains three metastatic tumor nodules, the largest 
being the size of a golf ball Both lungs are adherent to the parietal pleura The 
right lung contains extensive tuberculous caseation and consolidation Both lungs 
contain numerous tumoi nodules varying m size from a pea to a golf ball Heart, 
small, contains no metastases Abdomen Liver contains several metastases, one 
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large nodulai mass just above the gall bladdci, measuies 6 by 5 by 5 cm Spleen 
contains one small tumoi nodule Kidnejs both contain metastases Pancreas 
contains a metastasis 2 cm m diameter near the duodenum All metastases 
obseived m the several visccia are grayish opaque in color, soft, fnable, and have 
no gross lesemblance to the noimal tliyioid stiuctuie There are several metas 
tases m the omentum and mesenterv Tlie sacrum contains a large metastasis 
extending into tlie pelvis and also producing slight ulcciation externally Stomach 
and 'intestines appeal noimal 

Mic) oscoptc Examination — Thjioul Eight lobe has all the appeaiances of 
pure colloid tliyi oul The small adenoma has a subcapsular zone of ■svell preserved, 
closely set small follicles most of which contain some colloid Diagnosis Inter- 
mediate adenoma ruth mvolutionarj changes imbedded m the pure colloid goiter 
Tlnee other sections from the right lobe levealed no metastases Examination of 
tissue lcmovea fiom the legion of the left lobe shows foi the most part dense 
scai tissue in which aie pockets of tumoi tissue without any differentiation into 
follicles In another section of this mass considerable non tumor thyroid tissue 
similar to that of the i ight lobe is present Lung metastases encapsulated They 
consist of irregular branching columns of tumor cells ruth slight follicle foima- 
tions The cells foi the most part aie spindle shaped ruth a tendency toward 
ladial arrangement from the centci of the column In some of the columns lumma 
lie made out Lirer metastases aie in all respects similar to those of the lungs 
Pancreas metastasis is composed of branching columns of spindle shaped cells 
Mam of these columns have definite lumina The pancreatic tissue has under- 
gone extensive postmortem changes The kidney metastnses have a distinct 
alreolai auangement of the tumor cells ruth little oi no tendencr to foim fol- 
licles The sui rounding kidner tissue including capsule, glomeruli and tubulai 
epithelium aie lelativelj normal 

Iodin Dctci munition — Opciatire Specimen No 1 — Iodin per giam of dned 
non tumoi thyroid, 0 80 mg 

No 2 — Iodin pei giam of dned tumoi thjioul, 0 03 mg 
Autopsj Tissues 

No 1 — Right lobe puic colloid gland, iodin pei giam of dried gland, 2 92 mg 
No 2 — Left lobe, mixed tumoi and non-tumor thuoid, iodin per giam of 
dned gland, 0 IG mg 

No 3 — Lung metastasis, iodin pei gram of dried gland, 0 00 mg 
No 4 — Liver metastasis, iodin pei gram of dried gland, 0 00 mg 
No 5 — Esophagus tissue, tumor free, iodin pei giam of dried tissue, 0 00 mg 
No G — Panel eas tissue, tumoi free, iodin pei giam of dried gkand, 0 00 mg 
No 7 — Liver tissue, tumor free, iodin per giam of dned gland, 0 00 mg 

Administration of Iodin — Total iodin before opeiation, 0 
Total iodin aftei opeiation (a) Dec 24 1911, to Jan 5, 1912, 1 gm sodium 
lotlid daily, total 13 gm (b) Feb 27, 1912, to Apnl 25, 1912, 10 minims syiup 
fenous lodid t l d , total 119 cc 

In addition to these two human cases one of us (M ) has observed a case of 
tliyi oid carcinoma m a dog, and inasmuch as the data aie m all lespects similai 
to those foi the human cases it may also be included heie The following is a 
synopsis of the case record 

Case 3 — Laboiatoiy No A-124, male Boston Bull-Temei, aged 8 yeais, owned 
by Di E P Carter, admitted May 1, 190S 

History — Goiter had been known clinically foi ovei tlnee vears, with progies 
sive enlargement First examined dog on Oct 9, 1907 Tbyioid lobes at this time 
weie symmetrically enlarged, compressible, distinct, movable and connected bv a 
broad isthmial band Diagnosis, active thyroid liypei plasm Lugol’s solution 
c c daily nas given This treatment was continued with veiy slignt interruptions 
until May 8, 190S The dog w r as seen from time to time and the thyioid o es, 
which at first became smaller, began to enlaige again m February, 1908 ien 
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outlines became less distinct Gradually botli lobes and isthmus became fused 
into a single mass and the entire mass became firmly adherent to the larynx 
In Apul the thyroid mass was more distorted, firm, and immovable, and was 
producing djspnea As the dog was now losing weight and the thyioid lobes 
had undergone marked changes, the probability of thyroid carcinoma was suggested 
and operation advised May 8, 1908, under ether anesthesia the entire left lobe 
uas lemoved It was densely adherent to the tiachea, larynx, esophagus and 
adjacent muscles, and weighed 145 gm 

Pathological Examination — Ihe lobe was nodular, although everywheie encap- 
sulated Consistency was firm On section theie were still some very definite 
areas of original thyroid tissue m the colloid state, for the most part lying just 
beneath the capsule, but m general the entire lobe was replaced by a new growth 
The tumor tissue was grayish opaque m color, containing many small hemorrhages 
and small areas of necrosis, together with a few cystic areas filled with a brownish 
cholesterm-contaming fluid It was impossible to separate the tumor from the 
non-tumor thyioid tissue and duplicate 10 dm determinations were made on the 
mixed tissue with lesults of 0 32 and 0 30 mg per giam of dried gland 

May 11, 1908, dog doing nicely 

Maj 16, 1908, wound slightly infected, and as the dog had undoubted carcinoma 
the owner desired him chloroformed 

Autopsy — Slight wound infection The right lobe weighed 125 gm , was 
nodular, hard, gray-ied, and on section was equally involved with cancer as the 
lebt lobe, which was removed at operation Extension of carcinomatous tissue into 
the anterior mediastinum Both lungs contained numerous metastatic nodules 
vaiying from 1 mm to 2 cm m diametei They were gray -white, friable, and 
contained no visible colloid The lymph-glands along the bronchi were involved 
No metastases were found in the kidneys, liver, pancreas, oi othei viscera As 
the dog had been getting 10 dm up to the time of opeiation, 10 dm determinations 
were made on the autopsy tissues as follows 

Right lobe of the thyroid contained 0 27 mg pei gram of dried gland 

Lung metastasis contained 0 11 mg per gram of dried tissue 

Lung tissue contained 0 07 mg per gram of dried tissue 

Liver tissue contained 0 15 mg per gram of dried tissue 

Histological Examination — Thyroid The capsule was markedly thickened 
Slight lound-celled infiltration There were many areas of original non-tumor 
thyroid containing noimal colloid and normal cuboidal epithelium The tumoi 
tissue was m general differentiated into follicles These were ‘■'mail, lounded, 
closely packed and resembled the fetal adenoma follicles seen m human goitei 
There were other areas or irregular islands making up probably a third of the 
sectioned area in which little or no differentiation into follicles could be made out 
The epithelium of the foimed follicles was high cuboidal m type and the nuclei 
were large vesicular, quite regular m size and staining intensity Lung Metas- 
tases Six weie examined, all showing some diffei entiation into follicles, of the 
same characteristics present m the thyioid lobes 

SUMMARY AND DISCUSSION 

The principle data of Case 1 are Patient was nndei observation 168 
days — 23 days before and 145 days after operative removal of part of 
the thyroid tumor Metastases were without doubt present before the 
patient came nndei our observation The thyroid contained several 
adenomas of the fetal type and while it is impossible to state from what 
portion of the thyroid the carcinoma originated, we have come to the 
conclusion fiom the tumor pattern that it probably originated from an 
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adenoma The whole couise of the disease was, as far as could be deter- 
mined, one of uncomplicated thyioid cancel Seventeen cc of syrup 
of fenous lodid ivas given before opeiation and 12 gm of sodium mdid, 
and 198 c c of the s\iup of fenous lodid weie given aftei operation — 
10 dm having been continuously admimsteied fiom Nov 14, 1911 to 
Apnl to, 1912 with the exception oi eighteen dajs fiom Dee 20, 1911 

Case 2 w r as m the hospital continuously fiom Sept 11, 1911, until hei 
death. May 3, 1912 — 235 days She was admitted foi and had active 
pulmonaiy tubeiculosis Thyioid caicmoma w r as not definitely leeogmzed 
until December 3, when, owing to tracheal stenosis, a palliatn e opei ation 
was adused The tuberculosis doubtless hastened death The tumoi 
though metastasizing w r as of slow r er giowtli than that of Case 1 The 
carcinoma and the tubeiculosis weie joint factois and the individual 
importance of each cannot be estimated In this case also theie was one 
typical adenoma m the light lobe and the geneial type of tumor led us 
to look on this caicmoma as also originating in an adenoma No 10 dm 
was gnen prior to the opeiation Following the opeiation 10 dm w r as 
given continuously until Apnl 25, 1912 — eight days before death — with 
the exception of fifty-two days following Jan 5, 1912 She leceived a 
total of 13 gm of sodium lodid and 119 c c of syiup of ferrous lodid 

Case 3 (a dog) w r as under obseivation for approximately seven months 
Carcinoma w r as suspected aftei the fifth month Small doses of Lugol s 
solution weie administered by mouth with slight interruptions fiom 
Octobei until Mai 8 The total amount of 10 dm used could not be 
obtained 

The seal -like mass of the left lobe lemoved at operation m Case 1, 
after freeing it fiom all visible adenomatous tissue contained 0 02 mg 
of 10 dm per gram of dried tissue The adenoma fiom the same lobe 
contained 0 17 mg of lodm per giam of dried tissue The patient had 
been getting 10 dm foi eleven days before opeiation Adenomas of 
histological differentiation present m this case normally contained some 
lodm, and while the comparatively high content may be explained on the 
basis of the 10 dm administered, this does not seem likely, judging from 
our experience with adenomas m geneial The lodm content of the 
scirrhus cancer tissue is, on the other hand, piobably due to the adminis- 
tration of 10 dm, judging by the distribution of 10 dm m the tissues and 
its rate of excretion following its administration m dogs and rabbits ‘ 
The 10 dm contents of the tissues at autopsy, notwithstanding the fact 
that lodm was given until five days before death, shows no traces of 
lodm m the remaining scar-like cancerous mass of the right lobe, in the 
spleen in the rib, lung, or iliac metastases Definite traces of 10 dm were 
found m the lung and liver tissues while the kidney and pancreas con- 


7 Boruttau Ztschr f Expei Path u Therap , 1910, vm, 418 
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tamed 0 01 and 0 03 mg per gram of dried tissue, respectively The fact 
that the pure cancer tissues weie free from lodin while the adenomas 
had over eight times as much lodm as any of the other thyroid tissues 
and about six times as much as the pancreas, possibly suggests that this 
was the best preserved thyroid tissue Certainly the carcinoma tissues 
showed no power whatever to retain 10 dm, although the tissues were 
exposed to the most favorable influences for 10 dm storage 

In Case 2 the portion of the left lobe removed at operation was sepa- 
rated into tumor and non-tumor tissues The non-tumor tissue contained 
0 80 mg of 10 dm per gram of dried tissue, while the adjacent tumor 
tissue contained 0 03 mg of 10 dm per gram of dried tissue This speci- 
men looked like pure cancer tissue, and histological examination of several 
areas of it showed only tumor tissue Ho lodm had been administered 
for nearly thiee and a half months The remaining portion of the left 
lobe obtained at autopsy contained both tumor and non-tumor thyroid 
tissue, but was so intermingled that no separation was possible The 
mixed specimen contained 0 16 mg of 10 dm per gram of dried tissue 
The light lobe, which on gross and histological examination was pure 
colloid thyroid, contained 2 92 mg of lodm per gram of dried gland, or 
nearly four times the lodm content of the non-tumor thyroid of the left 
lobe obtained at operation before 10 dm was given In this case neither 
the metastases m the liver and lung nor the non-tumor liver, kidney, 
pancreas, lung and esophagus tissues contained any trace of 10 dm 
although 10 dm had been given for a long time and up to eight days before 
death This case has the advantage over Case 1 m possessing an 
abundance of thyroid tissue unaffected by tumor, and it is noted that this 
“Tissue leacts with 10 dm m the cliai acteristically normal physiological 
manner 

v 

In Case 3 duplicate determinations on the operative specimen showed 
0 32 and 0 30 mg of 10 dm per gram of dried tissue, respectively The 
examined specimens were mixed tumor and non-tumor as the tumor 
growth had so infiltrated the whole lobe that separation was impossible 
The observation is therefore useless so far as determining whether the 
Uunoi tissue contained 10 dm Likewise, the left lobe removed at autopsy 
was so mfiltiated with cancer that separation was impossible and the 
iodm determination on a mixed specimen give 0 27 The lung metastases 
showed 0 11 mg of iodm per gram of dried tissue, while the t um or-free 
lung and liver — the only other tissues examined — gave 0 07 and 0 15 
mg of iodm per gram of dned tissue, respectively Trom these findings 
and from the general distribution of iodm m the body following its 
admmistiation it is probable that all the tissues contained iodm The 
fact that the iodm content of the liver was higher than that of the lung 
metastasis renders the iodm content of the lung metastasis of no physio- 
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logical significance, and the lodm content of the lung and liver is probably 
due to the non-excretion of the lecently admimsteied 10dm Whethei 
10dm in the foim of Lugol’s solution is held by the tissues longer than 
10dm given as svrup of ferrous lodid is a question baiely suggested by the 
striking diffeience m the 10dm contents between the two human cases 
and the dog In most of the woik on the retention of 10dm m the tissues 
potassium and sodium lodid have been used, the last traces of which are 
known to be excreted slowly The admimsti ation of 10dm m these three 
cases had neither a detectable inhibiting influence nor a detectable 
accelerating influence on the rate of giowth 

In these three cases, therefore, it seems that cancel tissue exhibits 
practically no capacity for 10dm retention, contrasted with the non-tumor 
thyroid, which has a marked capacity for storing 10dm , and with benign 
epithelial tumors (adenomas), all of which m some phase of their exis- 
tence have some capacity foi 10dm, thyroid cancel exhibits the least — 
m our three cases probably no capacity for lodin We have been able to 
find but two incomplete reports m the literature of 10dm determinations 
m metastatic thyroid carcinoma Ewald 8 9 repoited one case m which the 
examination of the primary tumoi (a thyroid adenoma) showed no 
10dm, while metastases m the lung and lymph-glands showed appreciable 
amounts No other details of the case are given He suggested that 
fuither examinations should be made, since if Baumann’s observations 
and conclusions should be established the 10dm contents of tumors might 
afford evidence as to tumor function Gieike 0 observed a vertebral tumor 
with thyroid-like structure which contained approximately 0 25 mg of 
lodm per gram of dried tissue No other details are given and on this 
account it is impossible to make comparisons with our tumor cases As 
there are more differentiated types of thyroid carcinoma, or possibly more 
correctly stated, there are metastatic thyroid growths especially m bone 
which morphologically closely resemble fully differentiated thyioid tissue, 
the need of more extended observations is obvious, as it might be possible 
to deteimme through their lodm function what relation they beai to 
tumors, since morphology is of little value As dogs are not known to 
have adenomas we suppose that the carcinoma m Case 3 aiose from 
tissue that had undergone physiological differentiation If such was the 
case the physiological attributes have been lost, as the tumor behaved 
towards 10dm m a similar manner to the two human carcinomas We 
have as yet no direct evidence that thyroid tumors, whether benign or 
malignant, may compensate for the function of the non-tumor thyroid 
Experimental approach has so far been impossible because none of the 

8 Ewald Ueber den Jodgehalt des Adenoearcmome der SckilJdrtise und seme 
Metastasen Wien klm Wchnschr , 1896, lx, 186 

9 Gierke Ueber den Jodgehalt von Knockentumoren mit Schilddrusenbau 
Beitr z chem Physiol u Path , 1903, m, 286 
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lower mammals is known to have true adenomas The often quoted 
observation of von Eiselsberg 10 to the effect that following the lemoval 
of a large goiter tetany developed which cleared up as sternal thyroid 
metastases developed, was made at a time when parathyroid and thyroid 
functions were not clearly separated Such symptoms are not now 
believed to have connection with thyroid More applicable are the obsei- 
vations of Gulliver 11 where a woman 44 years old with symptoms of 
myxedema dating back foui years developed thyroid carcinoma with 
metastases, but without any noteworthy amelioiation of the myxedema 
symptoms This author also cites an observation reported by Hilton 
Fagge where a sporadic cretin with a large goiter developed thyroid 
carcinoma without any improvement m the cretinoid condition Such 
clinical observations though meager aTe m harmony with the experi- 
mental chemical evidence of the cases here reported, viz , that m thyroid 
carcinoma there is no evidence that useful function is preserved, but 
rather that m becoming malignant the tissue loses most of its physi- 
ological attributes So far as observations have extended, it would appear 
that benign epithelial tumors occupy an intermediate position as regards 
evidence of function between fully differentiated thyroid tissue on the 
one hand and malignant epithelium tumors on the other 

10 Von Eiselsberg Arch f klm Chir , 1894, xlvm, 489 

11 Gulliver Malignant Disease of the Thyroid Developing m a Case of Myxe- 
dema Tr Path Soc , London 1886, xxxvn, 511 



CONCERNING THE PRESENCE OF HEMOLYSINS IN 

STOOL EXTRACTS 


ARTIIUR n HOPKINS, MD 

PHILADELPHIA 

The following experiments weie undertaken with the aim of ascer- 
taining, if possible, whethei extiacts of stools fiom cases of essential 
progiessive pernicious anemia contain liemolysmg substances not found 
m noimal stools, nor m stools from othei diseases If repeatedly piesent, 
this could be legal ded as of some use as a furthei step m the clinical 
diagnosis of a disease the etiology of which is still unceitam and the 
classification of which is liaidly satisfaetoij 

In reviewing the liteiatuie on hemolysins in the gastio-intestmal 
tract, I find that while much has been done with tumor and organ 
extracts, little attention has been paid to the stools 

Korscliun and Morgamoth, 1 m then work on the hemolytic action 
of organ extracts, describe a hemolysin thus denved, which is active 
against the blood-cells of the same species and possesses the following 
charactenstics eoctostabile, soluble m alcohol, not complex, and inactive 
m causing antibody formation 

Latei Kulbs, 2 m a series of experiments on stool filtiates, showed the 
piesence of hemolysins m cases of mteicuirent and chronic intestinal 
disordeis as well as m piogiessive pernicious anemia In chronic 
nephritis and diabetes agglutinins weie frequently encountered The 
hemolytic action of the filtrates was not affected by type of diet, heating 
or age of filtrate, nor did the leaction play any pait m the result He 
found no relation existing between the mdoxyl content of the unne and 
the hemolytic effect of the stool The solubility of the stool and apparent 
quick passage through the bowel seemed to be moie important factors 
Thm stools taken directly from cecum and ileum were very hemolytic 
He does not refer to the chemical constituents Injections into animals 
of 2 to 6 c c produced no anemia 

In the following year Tallqvist 3 reported his lesults on the study of 
the blood changes produced by the Boilmoceplialus latus, results which 

*Manuscript submitted for publication m The Archives Dec 18, 1912 
’"Fioni the Pepper Laboratory of Clinical Medicine, University of Pennsylvania 
Undei the J Alison Scott Research Fund 

*Read before the Pathological Society of Philadelphia, Oct 24, 1912 

1 Korschun and Moigenroth Berl klin Wchnschr, 1902, p 870 

2 Kulbs Arch f exper Path u Pharm , 1900 No 55, p 73 

3 Tallqvist Ztschr f klm Med , 1907, No 61 
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were most striking and of material value m explaining the etiology of 
such anemias He demonstrated the piesence of a lipoid substance m 
the proglottides of the worm, which was extremely hemolytic, could not 
be dissected out, formed no antibodies, was coctostabile, resistant to 
proteolytic ferments and showed a great affinity for red blood-cells On 
subcutaneous injections into animals a definite anemia was produced, 
the autopsy findings being similar to those of a progressive pernicious 
anemia 

He refers to substances possessing similar hemolysmg qualities m 
normal organ extracts, especially m mucous membranes of certain sec- 
tions of the gastro-mtestmal tiaet He suggests that m many cryptogenic 
forms of progressive pernicious anemia there may be qualitative or quan- 
titative anomalies m fat metabolism calling forth a pathological separa- 
tion and a consequent hemolytic lipoid substance Such substances have 
been described m various tumors and secretions Thus Kullmann 4 found 
them m mammary and uterine carcinomata Grafe and Rohmer 5 (whose 
work was later partially confirmed by Fabian 6 ), m a series of over 100 
cases, demonstrated hemolyzmg lipoids repeatedly m the gastric contents 
of gastric carcinoma, while Neubeig and Reicher 7 showed that normal 
neutralized gastnc contents of dogs were hemolytic to cells of the same 
animal Later Bloch 8 9 claimed that if the enterogenous theory of progies- 
sive pernicious anemia was correct, the toxic agent should be found in 
the stools He found hemolytic substances m the stools of six cases of 
progressive pernicious anemia, m chronic enteritis, (one case), and m 
tabes, but the most marked hemolysis occurred with normal stools He 
concluded that the normally formed lipoid m the intestinal contents was 
rendered mert by cholesterol, and, when this failed, hemolysis occurred 
The fact, however, of the strongest hemolysis having occurred m normal 
stools, m his own experiments, does not satisfactorily support this theory 
He used alcoholic and ethereal extiacts only The substance was not 
activated by lecithin Wohlgemuth found hemolysins m pancreatic juice, 
which were activated by lecithin 

Next Faust and Tallqvist, q after further studies m the chemistry of 
Bothnocephalus proglottides showed the lipoid substance to be soluble m 
warm alcohol and ether, but not in water, and only capable of producing 
hemolysis when the sheath was disintegrated The fatty material con- 
tained phosphorus from lecithin Cholesterol was crystallized out, but 
was not hemolytic Free fatty acids were found to be intensely hemo- 

4 Kullmann ''Berl klin Wchnsclir , 1904, No 8 

5 Grafe and Rohmer, D Arch f klm Med , 1908, No 93, p 159 

6 Fabian, D Arch f klm Med , 190S 

7 Neuberg and Reicher Biochem Ztschr , 1907, No 4, p 28 

8 Bloch Biochem Ztschr , 1908, No 9, p 49S 

9 Faust and Tallqvist Arch f exper Path u Pharm , 1907, No 57, p 367 
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lytic, but on further analysis palmitic and stearic acids (saturated) pro- 
duced no hemolysis, while the unsatuiated oleic acid was intensely active 
When m combination with a cholesterm ester, it was most effective, 
although the cholesterm ester of fatty acids is present m most normal 
blood-serum m small amounts 

Cholesterol m feces is m part enterogenous, while part comes from 
bile and some from soap m chyle Eaust and Tallqvist hold that stimu- 
lation of the intestinal mucous membrane leads to a greater foimation 
and seeietion of this substance, and, with it, an increase of soap m chjde 
and m blood Thus, through abnormal stimulation of a noimal process, 
blood destruction could be produced 

By feeding Botlmocephalus lipoid to dogs large amounts of very 
hemolytic chyle were recovered m a few houis Chyle showed neutral fat 
and free fatty acids, the latter being intensely hemolytic, due to oleic acid 
ISTo cholesterol was found m chyle 

Goodman and Robinson, 10 -m an unpublished work, demonstrated the 
presence of hemolytic lipoid substances m ethereal extiacts of stools from 
anemias and uterine carcinoma as well as m noimal stools 

TECHNIC 

To weighed stool an equal volume of 85 per cem; NaCI was added, the mixture 
ground up m a mortar, filtered through gauze and allowed to extract over night 
m an ice chest On the following day the mixtuie was shaken, centrifuged and 
the supernatant fluid passed through a Berkefeld filter, the filtrate being used 
as the extract, 1 c c representing 1 unit To a series of tubes containing 1 c c 
of a 5 per cent emulsion of washed red blood cells from the patient whose stool 
was being examined, v as added a varying amount of the stool extract, from 2 c c 
down to 1 c c Sufficient physiological salt solution was added so that the mixture 
in each tube was brought up to 3 c c Similar amounts of the stool extract u ere 
added to a 5 per cent emulsion of foreign human washed red blood cells The 
protocol is as follows 


Protocol or Experiment with Stool Extract 


Diagnosis Amount of 

5 Per cent 

5 Per cent 

Hemolvsis 

Stool Extr 

Emulsion 

Emulsion 


1 c c =1 Unit R B C of 

Foreign 


c c 

Same Case, 
c c 

BBC 
of Normal 
Resistance, 
c c 


20 

1 

— 


1 0 

1 

— 


05 

1 

— 


01 

1 

— 


20 

— 

1 


10 

— 

1 


05 

— 

1 


01 

10 Goodman and Robinson 

Unpublished work 

1 
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Case 


Gasti ic — 


1 Kyperchlorhydria and dilatation 
2-6 Neurosis (5 cases in all) 

7 Carcinoma 

8-9 Toxic gastritis (?) (2 cases) 

10 Chr gastritis (2 times) 

11 Gastroptosis and enteroptosis 

12 Undiagnosed 

13 Undiagnosed 

Intestinal — 

14-15 Cln constipation (2 cases) 

16 Clir appendicitis, Ascarts lumlncoides, and tuchocephaliasis 

17 Neoplasm of jejunum 

Kidney — 

18 Uremia 

19 Amyloid nephritis 

20 Renal calculus and erysipelas 

21 Acute parenchymatous nephritis 

22 Acute parenchymatous nephritis 
23-25 Chi parenchymatous nephritis (3 cases) 

26 Chr pai enchymatous nephritis with chorea 

27 Chi parenchymatous neplmtis 
Metabolic — 

28 33 Diabetes (6 cases of varying seventy) 


Positive-Negative 
Negative 
Negative-Positive 
Negative 
5 v Positive 

Positive 
Positive 
Negative 


Negative 

Positive 

Negative 


Positive 
Positive-Negative 
, Positive 

Positive 
Negative 
Negative 
Positive-Negative 
Positive-Negative 


Negative m all 


34 

Gall-stones 

Positive 

35 

Artlintis, neissenan 

Negative 

36 

Arthritis deformans 

Positive 

37 

Chr family jaundice 

Positive-Negative 

3S 

Clu family jaundice 

Strong 

39 

Chr family jaundice 

Negative 

40 

Hepatic cirrhosis 

Strong 

41 

Multiple serositis 

Negative 

Blood— 

42-45 Pi ogressive pernicious anemia (4 cases) 

Negative 

46 

Progressive pernicious anemia 

Very faint negative 

47 

Progiessive pernicious anemia 

Positive 

48 

Lymphatic leukemia 

Positive 

49 

Myelogenous leukemia 

Negative 

50 

Splenomegaly 

Positive 


Heart — 

51-52 Myocarditis (2 cases) 

53 Chr m myocarditis 

54 Chr m myocarditis 

55 Mitral regurgitation 

56 66 Normal cases (11 stools fiom 3 eases) 


Negative 
Negative 
Negative 
Negative 
All Negative 


NOTES OF CASES 

Case 1 — Hypertrophy ana dilatation of stomach This was positive to blood 
of that case while it did not hemolyze foreign blood-cells 

Case 7 — Gastric carcinoma was at first negative, but a few days later proved 
to be positive 

Case 19— Amyloid nephritis This was positive at first but later negative 
as were Cases 26 and 27, both chronic nephritis 

Case 38— Chronic family jaundice This nas at first strongly hemolytic and 
later negative while Case 40, hepatic cirrhosis, was strong but not complete 

Case 47 — Progressive pernicious anemia This was complete with same cells 
but only lery slight with normal foreign cells 
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To avoid any influence that might be brought about by the increased 
fiagility of individual cases, led blood-cells from a noimal case, that is, 
led blood-cells capable of lesistmg hemolysis in hypotonic salt solutions 
down to 44 pei cent NaCI, weie used 

It will he obsened fiom the above table that noimal stools repeatedly, 
and stools from progiessive pernicious anemia and gastro-mtestmal dis- 
eases fiequently, weie negative, and that the results are not analogous to 
those of Kulbs, whose procedure was quite similar to the above Nor is 
there any analogy to the lesults of Bloch, who, m his series of ten cases, 
used an etheieal and not a salt solution extract 

The piopeities of the flltiates weie as follows Light to daik brown, 
of fecal odor and of variable reaction, the lattei playing no pait m the 
hemolytic action of the stool Xoi was theie any association between the 
type of food 01 use of purgatives and hemolysis No acholic stools weie 
examined The presence of mdoxyl m the mine, and of the phenol and 
anudo groups m the flltiates had no 1 elation to hemolysis, nor did the 
action of heat (58 C foi one hour) play any part On prolonged stand- 
ing the action became weakened and finally lost after seven days 

Fatty acids and neutral fats weie present alike m active and inactive 
stools, as were precipitations of phosphates occasionally 

The results weie so inconstant m my senes of cases that I feel that 
no dependence should rest on this test, either as an aid to clinical diag- 
nosis or as a means of enlightenment etiologically 

In conclusion I wish to extend my thanks to Dr Stengel for the suggestion of 
this work and the use of the patients in his wards m the University hospital as 
well as to Dis E H Goodman and Herbeit Fox foi their kind assistance 


EXPERIMENTAL OBSERVATIONS ON THE COAGULATION 
OE OXALATED PLASMA, WITH A STUDY OE 
SOME CASES OE PURPURA «• 

J HAROLD AUSTIN, M D , and 0 H PERRY PEPPER, M D 

PHILADELPHIA 

Stimulated by Whipple’s 1 study of the blood-plasma of puipura, and 
also by the availability of a few patients with puipurie manifestations, 
we undertook the study, from the point of view of clinical adaptability, 
of the methods of determining the coagulation properties of the blood- 
plasma of purpura We found it necessary, however, m connection with 
this work, to study m detail the general principles of coagulation, and 
we theiefore present our results under the two general heads of (1) 
“Experimental” and (2) “Clinical Studies ’’ 

EXPERIMENTAL STUDIES 

In the eouise of oui early woik we were impressed with the ease of 
pieparing from dog’s blood-cells a solution with great thiomboplastic 
activity and comparatively so free from prothrombin or thrombin as to 
be available as a source of thiomboplastm m clinical studies This 
solution was prepared as follows Erom a noimal dog that had fasted 
twenty-four hours, blood from the jugular vein was allowed to flow into 
a 1 per cent sodium oxalate solution m the proportion of nine parts of 
the former to one of the latter, which was immediately centnfugalized 
The clear plasma was drawn off and preserved, the cells were washed 
three times with 0 85 per cent sodium chlond solution and then diluted 
with three volumes of distilled water When hemolysis had occurred, 
0 85 gram of sodium chlond was added for each 100 c c of distilled 
water This is quite similar to the solution of platelets prepaied by 
Bayne- Jones, we have not, howevei, for our purposes found any advan- 
tage m isolating the platelets m pure form 

To determine whethei this solution contained any considerable 
amount of thrombin or available prothrombin it was mixed with a solu- 

* Aided by a giant from tlie Committee on Scientific Investigation of the 
American Medical Association 

"From the medical wards of the University Hospital and the John Herr Mussel 
Department of Research Medicine, University of Pennsylvania 

"Submitted for publication m The Archives Jan 21, 1913 

1 Wlnpple, G H Hemorrhagic Disease The Archives Int Med , 1912 
ix, 365 
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tion ol puie fibrinogen piepaied according to Howell’s 2 method, except 
that dog’s plasma was used instead of cat’s plasma, as follows 0 5 c c 
fibi mogen solution -4-05ec blood-eell solution -f 03 ce CaCL solu- 
tion (2 pei cent ) Ho clotting occuned m an hour, thus piovmg this 
solution to be fiee fiom tlnombm oi uncombmed prothrombin 

To deteinnne coagulation time the mixture to be tested was placed 
m a small test-tube and mixed by shaking Once eveiy half minute, 
fiom the time the calcium was added, a platinum loop was dipped into 
the mixtuie and. the beginning of coagulation was aibitianly fixed as 
the time when fiist a stiand of fibrin could be drawn out of the fluid by 
the platinum loop The platinum loop was then laid aside and once a 
minute the test-tube was tilted until if could be turned upside down 
without change of position of the clot, the time when this was possible 
was taken as the time of complete coagulation This was the routine 
pioeedure m all expenments 

To determine whetliei the blood-cell solution contained any fibrinogen 
it was tested with a solution containing thrombin, obtained as follows 
To 1 c c of dog’s oxalated plasma was added 0 3 c c of calcium solution 
When clotting was entnely completed the clot was removed and the fluid 
pressed lrom it The resulting eleai seium lemamed fiee from clot foi 
an hour, but when added to fibi mogen solution clotting occuired This 
seium was added with calcium to the blood-eell solution, as follows 
0 5 c c blood-cell solution -p 0 5 c c semm -j- 0 3 c c calcium solution 
Ho clotting occurred m an hour, piovmg the blood-cell solution to be 
fiee from fibrinogen 

That this solution shows the piopeiUcs of Howell’s th) omboplastin 
is cleaily demonstrated m the accompanying experiment (Table 1) with 
dog’s oxalated plasma (D 2 ), which, on standing m the ice-chest foi a 
few days, had lo-t some of its oiigmal activity 


Table 1 - 

—Experiment Demonstrating 

Action Upon 

Dog s Pi asm v 

Plasma D» 

Blood Cell 

Calcium 

Begins, 

Complete, 

c c 

Solution 

Solution, 

Minutes 

Minutes 


c c 

c c 



05 


0 15 

7 

15 

0 375 

0 125 

0 15 

1 % 

3 

0 25 

0 25 

0 15 

Vs 

2 

0 125 

0 375 

0 15 

1 

1 Vj 


05 

0 15 

i 



’'None in 1 lioui 


Further experiments with this blood-cell solution follow 
On removing the clot that had formed aftei adding calcium to 
plasma D,, a serum was left which would not cause the clotting of a 

2 Howell, W H The Preparation and Properties of Thrombin, 
with Observations on Antithrombm and Prothrombin Am Joui Physiol , I > 
vrvi, 453 
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solution of fibnnogen On the subsequent addition, however, of the 
blood-ce]] solution clotting was piompt, for example 

0 5 c c fibrinogen solution -f- 0 5 c c seium D 2 + 0 3 c c calcium, no clotting 
m seventeen minutes 

On adding 0 5 cc blood-cell solution Clotting begins, three minutes, com- 
plete, four and one-half minutes 

This experiment was repeated with a slight variation as follows 

0 5 c c fibrinogen solution -J- 0 5 c c blood-cell solution -f 03 cc calcium , no 
clotting m eighteen minutes 

On adding 0 5 cc serum D : clotting begins, two minutes, complete, four 
minutes 

A slightly different result was obtained when the blood-cell solution 
and serum D 2 and calcium were allowed to stand together with the 
subsequent addition of fibrinogen solution, thus 

0 5 c c blood-cell solution + 0 5 c c seiumD, + 03 cc calcium 

No clotting m fourteen minutes On then adding 0 5 c c fibrinogen solution 
a small distinct clot formed after 18 minutes, but never clotted solidly 

It is evident that clotting occuned only when all four solutions were 
combined, the fibrinogen, the serum, the blood-cell solution and calcium , 
no three of these sufficed to produce coagulation 

The explanation which we offer for these experiments is based on 
Howell’s theory On standing m the cold the prothrombin of plasma D„ 
was to a considerable extent bound by antithrombm, causing a delayed 
clotting time On the addition of blood-cell solution, howevei, the 
piothrombm-antithrombin combination was broken up and prothrombin 
rendeied available In the serum left after clotting plasma D 2 , all the 
prothrombin is apparently combined with antithrombm and is inactive 
until set free by the addition of the blood-cell solution 

With a view to determining the source of this thromboplastin m the 
blood-cell solution, the blood-cells of oxalated plasma were centrifuged 
White blood-cells from the upper layer were collected and after repeated 
washing treated with three volumes of distilled water Erythrocytes 
from the bottom of the centrifuge tube were collected separately, and 
after washing, were hemolyzed m three volumes of distilled water The 
remaining cells of the middle layer were then mixed and similarly washed 
and hemolyzed These thiee solutions so obtained were then tested m 
ascending dilutions for their power of accelerating the coagulation of 
a dog’s oxalated plasma This power was found to disappear m each 
of the thiee solutions at appioximately the same dilution The tlnom- 
boplastm was not, therefore, derived exclusively from the leukocytes, 
nor erythrocytes, but can be obtained, as also shown by Howell 0 * and by 

3 Howell, W H The Nature and Action of the Thromboplastic Substance 
of the Tissues Am Jour Physiol , 1912, xxxi, 1 
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Bayne- Jones/ fiom any of the blood-cells, but particularly from the 
blood-platelets 

For our puipose, the study of clinical cases, this solution of thiombo- 
plastm is to be preferred to the commonly-used tissue extiacts, because 
of its gi eater ease of piepaiation and its greatei activity 

To determine whether the destruction of prothrombin or its fixation 
by antithrombm could lie hastened by exposuie of the dog’s oxalated 
plasma to heat, the plasma was kept at 47 C for half an houi This 
usually retarded coagulation (see Table 2), but the effect varied m differ- 
ent plasmas 

Table 2 — Retardation or Coagulation by Subjecting Dog’s Oxalated 

Piaswa to Hi \t 


Plasma D„ c c, 

CnCl«, c c 

Clotting 

Begins, Minutes Complete, Minutes 

1 

03 

3 

3 

1* 

0 3 

1 

0 

IT 

0 3 

9 

18 


'’After heating to 47 C foi 13 minutes 
T After heating to 47 C for 30 minutes 

If, however, such a heated plasma was allowed to stand at 100 m- 
temperatuie fox twenty-four houis, clotting either did not occur on the 
addition of calcium solution, oi was very much delayed (see Table 3 [3] ) 
The thromboplastin solution, however, still exerted a maikedly accelerat- 
ing effect on the coagulation of such heated plasma (see Table 3 [4]) 
and restored the coagulation time to a point close to that found before 
heating (see Table 3 [1 and 2] ) 


Table 

3 — Retardation 

or Clotting 

or Heated Plasma Aiter Standing for 



Twenty-Four Hours 







Clotting 


Plasma D 6 , 

CaCL, 

Thromboplastin 

Begins, 

Complete, 


c c 

c c 

Solution, c c 

Minutes 

Minutes 

1 

1 

03 


2 

4 y 2 

2 

0 75 

03 

0 25 

IY2 

2 

3 

1* 

0 3 


T 


4 

0 75* 

0 3 

0 25 

2 y 2 

3 


*Plasma D 6 heated at 47 C for one hour and kept at room temperature 24 
hours fHo clot m 30 minutes 

The addition of one drop of thromboplastin to Tube 3 after it had 
stood for thirty minutes with no clotting, caused clotting to commence 
m two and one-half minutes, complete clotting occuired m five minutes 
It would appear that the higher the temperature at which the oxalated 
plasma is allowed to stand, up to 58 C , the more rapid and the more 

4 Bayne Jones, S The Presence of Prothrombin and Thromboplastin in the 
Blood Platelets Am Jour Physiol , 1912, nan, 74 
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complete is the disappearance or fixation of its available prothrombin 
An abundance of prothrombin is. however, rendered available again on 
addition of a thromboplastin solution In this connection it is of inter- 
est to note that Blaizot 5 6 has shown that an antithromhm develops m 
dog’s oxalated plasma on standing m the cold 

INFLUENCE OE HEMOGLOBIN IN THE PLASMA ON THE ESTIMATION OF 

FIBRINOGEN 

The observation that when the thromboplastin solution is heated to 
58 to 60 G , a maiked precipitation occurs, called attention to a possible 
occasional source of error m the estimation of fibrinogen by Whipple’s 
method 1 The iollowmg experiment m which a blood-cell solution and 
oxalated plasma have each been treated as m Whipple’s method illus- 
trates this 

Five c c of the thromboplastin solution were placed m a graduated 
centrifuge tube A like quantity of a dog’s clear oxalated plasma was 
placed m a similar tube Both tubes were kept m a water-bath at 58 to 
60 C for fifteen minutes and then centrifuged for twenty-five minutes 
In the tube containing the plasma was found a sediment of 0 2 c c of 
coagulated fibrinogen , m the tube containing the hemolyzed blood-cells, 
a sediment of 1 8 c c We have alieady seen that the blood-cell solution 
is quite free from fibrinogen (see above) It is evident, therefore, that 
proteins other than fibrinogen, which are coagulated at 58 to 60 C , are 
liberated from the blood cells on laking The estimation of fibrinogen 
by heating to this temperatuie, therefore, becomes inaccurate if the 
plasma shows the least evidence of being tinged with hemoglobin 

CLINICAL STUDIES 

In the clinical study of coagulation we believe that advantage can be 
taken of the thromboplastin solution described above for demonstrating 
the presence of piothiombm combined with antithromhm, and that this 
is an excellent method for detecting an increase m the antithromhm of 
the blood 

For the clinical study of coagulation we would, therefore, suggest the 
following steps m addition to a complete blood count and a careful 
enumeration of the blood-plalelets Q 

1 Estimation of tlie coagulation time of a drop of blood from the finger with one 

of the clinical coagulometers 

2 Take 20 c c of blood from a vein of the arm and mix with 2 c c of 1 per cent 

sodium oxalate solution and centrifugalize 

5 Blaizot, L Extractions de substances anticoagulants du plasma normal de 
cluen Compt rend Soc de Biol , 1911, Ixx 560 

6 Duke, W W The Pathogenesis of Purpura Hemorrhagica with Especial 
Reference to the Pait Played by the Blood-Platelets The Abchiyes Int Med 
1912 x, 445 
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(a) lo 1 cc of plasma so obtained add 0 3 cc of a 2 pei cent calcium 

chlorid solution and determine beginning and complete clotting If 
delayed, 

(b) To 0 75 cc of tlie oiigmal plasma add 0 25 c c of blood cell solution 

prepaied as described, and 0 3 cc of 2 per cent calcium chlorid, and 
determine beginning and complete clotting If delayed, 

(c) lo 05 cc of plasma add 0 5 cc pure fibrinogen solution and 0 3 cc 

of 2 per cent calcium clilond solution and determine beginning and 
complete clotting 

A delay m (1) but not m (2-a) suggests that there is not sufficient 
calcium available m the blood foi normal coagulation, but that the other 
constituents are normal , a delay m (2-a) but not m (2-b) suggests that 
much of the prothrombin piesent is bound by antithiombm and is 
theiefore inactive A poor coagulation m (1), (2-a) and (2-b) but good 
m (2-e) suggests that there is a deficiency of fibrinogen which can be 
fuither confiimed at (3) (see below) 

A delay m (1), (2-a), (2-b) and (2-e) suggests a deficiency of pio- 
thiombm, bound oi unbound, with oi without a deficiency of fibnnogen 

3 Precipitate fibnnogen in 10 cc of plasma by beating to 58 to CO C for 15 
minutes on a water bath Centrifugahze in a graduated tube for 25 minutes 
and read amount of sediment in volume per cent This method is useless if 
plasma is discolored with hemoglobin (see aboie) 

It may be noted lieie that a pool filmy clot may lesult quite as 
readily from a lack of thiombm as fiom a lack of fibrinogen m spite of 
statements m the liteiature to the conti aiy We have repeatedly obseived 
this type of clot m working with solutions of puie fibrinogen m abund- 
ance, but containing only a trace of thrombin 
This is shown by the following experiment 

Plasma D = was clotted in the usual mannei and the seium was expressed from 
the clot On the addition of fibrinogen to the serum another clot foimed and 
serum was again expressed, this w r as repeated several times, the clot becoming 
poorer and smallei each time An excess of calcium was constantly maintained 
The iddition of fibrinogen solution to the expressed seium finally resulted in 
merely a few threads of clot after thirty minutes, due to the exhaustion of the 
tin ombm 


CLINICAL CASES 

Of the twelve patients whom we have studied clinically, five showed 
purpura, one jaundice and one severe anemia, the other five were con- 
trols of various kinds The five patients showing purpura weie of 
various types Our studies of three will be descnbed in detail 

The first is a woman, aged 24, who throughout her life had been subject to 
subcutaneous hemorrhagic extravasations These had not disturbed her until 
the previous five years, during winch time the appearance of the extravasations 
had been preceded by pain, usually localized to that portion of the body where 
the purpuric manifestations later appeared Her general health had not been 
affected She gave the interesting history that three sisters, her mother an a 
maternal aunt liaae all presented similar purpuric lesions, only the aunt, how- 
ever, suffered pain at the time of the attacks 
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The examination of the patient’s blood showed Hemoglobin, 69 per cent , red 
blood-cells, 4,580,000, leukocytes, 8,400 Differential count Polymorplionuclears, 
57 per cent , small lymphocytes, 36 per cent , large mononuclears, 2 per cent , 
transitionals, 1 per cent , eosinophils, 2 per cent , basophils, 2 per cent Blood 
platelets (preseived by formaldehyd solution) 215,300 per cmm Fragility of 
erythrocytes in hypotonic sodium clilorid solution 

Had Solution— Per Cent 

0 3 0 35 0 4 0 45 

Reading after 1 hour -+- — — 

Reading after 24 hours -j- + ± 

Coagulation of blood Bogg’s coagulometer, eight minutes (average of thiee 
leadings) Wassermann reaction, negative (examination by Dr John Laird) 

STUDY OF OXALATED PLASMA 

Coagulation time was as follows 1 c c plasma + calcium 03 cc , clotting 
began m sixteen minutes, complete in twenty-seven minutes The influence of 
thromboplastin was shown as follows 0 75 cc plasma + thromboplastin solu- 
tion 0 25 c c + calcium 0 3 c c , clotting began m foui minutes , complete m 
ten and one-lialf minutes Equal parts of this plasma and of normal dog’s plasma 
clotted as promptly as the dog’s plasma alone Fibrinogen content was 3 per cent 
by volume 

At a later examination, after a month’s interval, similar results weie obtained 
The red blood-cell count was 4,520,000 , the platelets, 226,000 Coagulation of the 
blood Bogg’s coagulometer, 6 minutes 

STUDY OF OXALATED PLASMA ON SECOND TEST 

Coagulation time was as follows Ice plasma + calcium 0 3 c c , clotting 
of her oxalated plasma, which delay entirely disappeared on addition of thrombo 
plastm was as follows 0 5 c c plasma -f 05 cc thromboplastin solution -f 
calcium 0 3 c c , clotting began m four minutes , complete in nine minutes 

This patient showed, therefore, at two examinations a delay m coagulation 
of her oxalated plasma, which delay entirely disappeared upon addition of thrombo 
plastm We are inclined to believe, therefore, that her plasma had an excess of 
antithroinbm 

Another patient with simple purpuia was a girl of 24 whose history was nega- 
tive previous to two years before admission At that time purpuric manifesta- 
tions appeared and have continued to be piesent almost constantly since Hei 
symptoms consisted of hematemesis, epistaxis, bleeding from the gums, marked 
subcutaneous petechiae and furunculosis A slight tendency to prolonged bleeding 
from cuts had been noticed This did not begin, however, m childhood and no / 
family history of hemophilia was obtained Physical examination was negative 
except for the signs of severe anemia Examination of the blood gave the results 
shown m Tables 4, 5 and 6 

Tabiu 4 — Biood- Analysis in a Case of Purpura Hemorrhagica 
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5/31/12 

20 

3,000 000 

7,680 

74 

20 

5 

1 

. . . 




6/ 3/12 

— 

— 

— 

65 

27 

5 

1 

1 

1 

_ 

6/ 8/12 

25 

2,500,000 

7,040 

59 

36 

3 

1 



1 

6/15/12 

30 

3,160,000 

— 

— 

— 





. . 



7/ 8/12 

50 

4,170,000 

— 



— 









7/18/12 

60 

4,240,000 

6,900 

— 

— 





. 



7/24/12 

65 

4,950,000 

8,100 

— 

— 





. 



8/ 4/12 

75 

4,270,000 

9,300 

80 

17 

1 

2 




8/26/12 

07 

3,700 000 

6,100 

82 

15 

1 


— 

— 

2 


Platelets — G/25/12, 67,000, 7/29/12, 28,500, 8/30/12, 25,000 
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Table 5 — 
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Wasseriuann Reaction Negatne (Di Laird) 

Blood Culture Mjcobacterium Hoffmanm (Examination by Dr Herbert Fox) 
Coagulation of Blood Using the Bifli Brooks instrument, coagulation was 
found to commence m six minutes and to be completed in twehe minutes 

Coagulation of oxalated plasm, as determined by a number of readings, was 
between four and one half and six minutes for the beginning and nine and one- 
half and twelve for the complete clotting This is within normal limits 

This plasma, as tested on June 15, 1912, had no influence on the clotting of 
noimal dog’s plasma (see Table G) 

f '\iilc G — Eitect or Plasma raoM PuRrumc Patient on Coagulation or 

Dog’s Plasma 


Plasma B , 

Plasma Dog, 

CaCl : , 2% 

Begin 

Complete, 

c c 

c e 

ec 

Minutes 

Minutes 



1 

03 

3 

6% 

0 05 

0 95 

03 

3 

5 Vi 

0 25 

0 75 

0 3 

3 

6 Vi 

0 5 

05 

0 3 

3 

G 

0 75 

0 25 

03 

4 

9% 

0 95 

0 05 

0 3 

4% 

11% 

1 

— 

03 

4 Vj 

9% 


The fibrinogen content of the slightly hemoglobin stained plasma was found 
to be a little less than 10 per cent by volume, but this high reading was doubt- 
less due to contamination of the plasma with products of hemolysis 

Everything is normal in this case except the severe secondaiy anemia and the 
marked reduction of platelets We have normal coagulation, which is the usual 
finding m purpura, and indeed it may truly be said that the factor determining 
purpura is not constantly involved m coagulation as studied in oxalated plasma 
Very siYmlar findings were shown m a patient with hemophilia, a woman 
aged 30, who was admitted suffering from persistent, profuse metrorrhagia with a 
resulting anemia A history of hemophilia m the patient and the patient’s father 
was obtained This transmission of hemophilia from father to daughter, with 
appearance of symptoms m the daughter, while not the usual history, has been 
observed The blood showed 

Aug 10, 1912 Hgb, 37 per cent , R B C, 2,140,000, W B C, 11,700, Poly , 
87 per cent , Lymph, 11 per cent , Mono, 2 per cent , Trans, — , Eosin, 

Aug 16, 1912 Hgb, 38 per cent , R B C, 2,430,000, W B C, 12,100, Poly, 
79 per cent , Lypmh , 14 per cent , Mono , — , Trans , 6 per cent , Eosm , 1 per 
cent 

Morphology, normal, no nucleated forms of erytln ocytes Platelets, 3/, 000 
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Coagulation of the blood measured with the Biffi Brooks coagulometei < 
beginning coagulation m eight, and complete coagulation m fifteen minutes 
Here again a normal coagulation time was seen m the presence of a ledi 
platelet count 

Among the cases observed was one of cholelithiasis with intense jaundie 
over a month’s duration The blood-count was normal 

Hgb , 70 per cent , R B C, 4,000,000, W B C, 5,300, diffeiential Poly 
per cent , Lymph , 27 per cent , Mono , 5 per cent , Trans , 2 per cent , Eo 
1 per cent , Baso , 1 per cent 

The clotting time of the blood of this ease was moderately delayed as estimi 
with the Biffi-Brooks instrument, clotting commencing but little before 
minutes On the other hand, the oxalated plasma, on the addition of an ex 
of calcium clilorid, clotted unusually rapidly m two and one-half minutes 3 
the delayed coagulation time as measured m the whole blood was unquestioni 
due to the union of the calcium of the blood with bile pigments Pure bile ac 
to normal plasma in vitro does not delay the time of coagulation m the pres< 
of an excess of freshly added calcium solution, but, on the contrary, shg 
accelerates it as do many foreign solutions The following protocol is lllustiat 


Plasma D 3 , 

Bile Solution, 

CaCL, 2% 

Begin, 

Comple 

c c 

c c 

c c 

Minutes 

Minute 

1 
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06 
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41/2 

0 95 

0 05 
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1% 
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0 25 

06 
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05 

05 
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15 


In low’er dilutions no clotting occurred If, however, the solution of bil 
allowed to act for ten minutes on the calcium solution before the resulting mix 
is added to the plasma, there is very distinct delay of complete coagulation 
such clot as is found is pool and filmy 

CONCLUSION'S 

1 A solution of hemolyzed blood-cells is the most readily piepa 
and active tliromboplastic solution 

2 A delay m coagulation nme of oxalated plasmas occurs on beat 
or standing This is due to the formation of antitlirombm, and to 
union of antithiombm with prothrombin The coagulation time m s 
plasmas is greatly hastened by the addition of thromboplastin soluti 

3 The presence of hemoglobin m a plasma is a source of enor in 
deteimmation of hbnnogen by Whipple’s method 

4 The scheme piesented for the study of clinical cases is eai 
earned out and coveis the essential points included m the present kno 
edge of this subject 

5 ISTo method of study has as yet offered a satisfactory explanat 
of purpura. 


PRIMARY" CARCINOMA OF THE LARGER BRONCHI 


AN ANATASIS OT NJNJ T\ C AS1 S AMTIl III G \TtJ) 'JO PATHOLOGY, SYMPJ 0M- 
A'JOLOGA AND DIAGNOSIS, AND J’TPOJtJ’ OT A Nrw CAST 

CAUL VERNON V ELLER, AB 

ANN AUllOll 

The laigc mimbci of ease lepoit* of lung and bionclnal neoplasms 
winch ha\e appealed m (he lileiatmc in the Ia«t two xeais gnes cAidence 
of a lenewed intei c«t m this subject Two factois lune 5 oi\ed to diaw r 
attention to its impoi tance Theie has boon a gi owing ieali7ation of 
the fact that bionclnal and pulmonan caicinoinata aie bv no means as 
laie as was once thought, and the dc\ eloping possibilities of mtiathoiacic 
suigeiy haA e made then eaih diagnosis a maltei of moic than scientific 
cuiiosit} It is ho])ed that the analysis of a laige nnmbei of caiefully 
selected ca«es of pnnnm caiunoma of the laigei bioncln wnll aid m 
foimmg a definite clinical pietmc foi this condition and in taking it 
out of the mixed gioup oi lung and bioiHnal neoplasms in which it has 
usually been consideied Each Adlei 1 x\ ho has wntten the most exten- 
sile of the iccent monogiaphs on the subject, does not attempt to sepa- 
late the tw'o txpes in Ins list of cases 

Seveial attempts liaie been made to collect fiom the literatuie the 
cases of primal 3 caicinoma of the lungs and bioncln Eemhaid 2 found 
25 cases m 1878, Wolf 3 31 cases in 1895 and Adlei 1 371 cases in 1911 
These authois, howevei, admitted to then lists ca=es without micio- 
scopical verification of then caicinomatous natuie In 1891, Weinei 4 
could find but nine cases full}' xenfied, while m 1896 Passlei 5 listed 
about 70 such In differentiating betw'een caicinoma and saicoma, m 
ruling out tubeiculous piocesses, and cspeciall}' m examining metastases 
and con sideling the possibilit}' of a primal 3 ' giow'tli elsew'heie, micio- 
scopical examinations become nceessai}', and a statistical stud}' loses 111 
value m propoition as it includes unvenfied cases 

Wolf 2 sepai ated the eases which he listed into those primal}' m the 
lung parenchyma and those having their ongm fiom the largei bioncln 

'Manuscript submitted for publication in The Archiaes Jan 21, 1913 

1 From the Pathological Laboratoiy of the Univeisity of Michigan, Ann Arbor, 
Michigan 

1 Adlei, J Primary Malignant Giowtlis of the Lungs and Bronchi, 1911 

2 Reinhard W Aicli d Heilk , 1878, u\, 369 

3 Wolf, K Fortschr d Med, Beilin 1895, Mil, 725 

4 V erner, M Das primare Lungencarcmom Dissert, Fieibuig, 1891 

5 Pussier H Aicli 1 path Anat , Beilin, 1896, cvlv, 191 
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He placed twenty -tin ee of his thnty-one eases m the second gi 
is often found impossible to determine even roughly the point < 
of the giowth, because of the enoimous size of the neoplasm 
widespread involvement of sunounding structures, but theie if 
group m winch the bronchial origin may be established Obvn 
symptomatology of these cases differs veiy much fiom that of 
which the neoplasm is located m the peripheral portions of the 1 
tree This dilfeience has been referred to by Passler, 5 but he 
gioup the cases aecoidmgly m compiling Ins clinical statistics 



Tig 1 — Right lung showing light mam bionchus (Br ) cut across 
is much reduced by the sunounding caicmomatous mfiltiation 


It is the purpose of this study to collect the authenticated 
primal y camnoma of the larger bronchi and investigate the pat 
and cluneal featuies of this gionp Only those eases meeting th 
mg 1 equnements have been admitted 

1 An autopsy must have been performed 

2 The caicmomatous nature must have been lenfied micros! 

3 There must be no reasonable suspicion that the neoplasm 
pi mini y giowtli 
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4 Theic must be good evidence of bionclnal ongni This may be 
found eitliei in the gio«s lelationship of the tumoi to a bionchus 01 in 
the nncioscopical lelationship of tlie neoplasm to bionclnal elements 

As fai as possible the following list has been made to include all 
cases meeting the aboie tests The ouginal lepoits liaie been used 
wheievei access could be had to them, but full acknowledgment is made 
of data fiom AdleTs lecent monogiaph 1 in legal d to twenty ca c cs m 
which the ouginal souices w r eie not obtainable It has also been possible 
to include nineteen ca«es which aie not found in Ins somewdiat eailiei 
compilation Beyond a doubt theie aie many othei cases of bionclnal 
carcinoma m the liteialuie, but they cannot find a place heie because 
the) fail to meet one 01 moie of the enteiia pieviousl) mentioned 

SYSfOVSIS 01 lirPOUT] D CASUS 

1 Ajlax r 1007, M , .38 Pain m left chest ami arm, dyspnea, palpable tumor 
at origin of left stornoma-toid , left pupil contracted, ptosis of left lid, left yoc.al 
cord fixed in cadaieiic position Loft main bionchus blocked bj encircling tumor 
mass of scirrhous type, with laige masses of cells, metastases m bronchial nodes 
and left lobe of tlruoul 

2 BrcK 7 1884 M, 05 Blacksmith Ahcolar carcinoma of right main 
bronchus and its blanches Luminn constiicted, canty in right upper lobe, secon- 
daries in light bronchial nodes, mediastinal pleura thyroid, Inei both adrenals, 
supenor yena cay a imohed and thrombosed, origin from mucous glands 

3 Beck" 1S84 F , 57 clmi woman Primary ah eolar caicinoina of right main 
bionchus and its chief blanches, polyhedral cells, bronchial nodes at lulus secon 
darilj imohed, stenosis of supenoi \cna cm a, origin fiom bionclnal mucous 
glands 

4 Boeckir 8 1910, F, 83, housewife Tumor mass leaching fiom lulus to 
pleura in light lowei lobe, situated about two medium si/ed bronchi, aheolai in 
structure with mucus foimation, secondaries m tracheal and corneal nodes (?) 
not micaoseopicalh examined 

5 Boyd 0 1887 M , 38 Bottle blower Cough dyspnea, ejanosis, blood tinged 
sputum, veins of forehead and neck dilated, edema of right aim and face, aoice 
hoarse and aphonic, caicmoma extending to the light fiom legion of bifui cation 

nd compressing vena cava 

6 Deiorme 10 (After Adler) 1901, AI , 25 Cough, feiei, blood tinged sputum. 
Mated veins, paialytic symptoms, secondarj nodules, cjlindnc celled caicmoma 
if left chief bronchus, «econdanes m pencaidium, pleuia, skull, supraienals, 
ner, vanous long bones, sternum, libs and hmph-nodes 

7 Davis and Ll Count 11 1908 M 58 Saloonkeepei Cough, blood streaked 
sputum, glandular masses in neck and axilla, dulness and mci eased fiemitus 
iver upper left, hoarseness, djspnea cyanosis, paialjsis of left vocal coid, car 
iinoma of left main bronchus, in pirt adenomatous with mucin like content, 
nigin fiom mucous glands 


G Allan, G A Lancet, London, 1907, n, 961 

7 Beck Ztsclir f Heilk , 1884 v 

8 Boeeker, E Zui Kenntniss der primaren Lungenkainnome Inaug 
Dissert , Berlin, 1910 

9 Boyd Lancet, London, 1887, n, GO 

10 Delorme Leber primares Lungencaicmom Disseit, Jena, 1901 

11 Dans and Le Count Chicago Path Soc , 1908, vn No 5 
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8 Dxvis and Le Count 11 1908 V , 32 Dyspnea, cough, blood-stained sputum, 
hoai seness , left chest fixed and bulging, mucosa of chief bionclu resembled skm, 
left main bronchus almost occluded bv squamous celled carcinoma, left lung un- 
less, metastases in tiaclieal and retro aortic nodes, pleuia, liver, both adrenals, 
both kidneys and both ovaries 

9 Domeny 12 1902 M Sharp pain in left side, cough with scanty sputum, 
medullaiy caicmoma of bronchus to left lowei lobe, atelectasis of that lobe, 
emphjsema of right lung, secondaries m lymph-nodes and right kidney, origin 
fiom bionclual epithelium 

10 DckMENY 12 1902 F, 79 Right liydrothorax, caicmoma of left mam 
bionchus, biancli to lower lobe nearly obstructed, laige nests of polygonal cells, 
secondaries m bionclual nodes 

11 Domeny 12 1902 M, 41 Pam m head, auditory and visual disturbances, 
choked disk on both sides, cylmdric celled adenocarcinoma of bronchus to left 
low ei lobe, that lobe atelectatic, seven bram metastases, origin from mucous 
glands 

12 Dojieny 2 - 1902 F, 6G Fever, cough, pain m light side, dyspnea, dulness 
below angle of scapula on the right, cylmdric celled adenocarcinoma of bronchus 
to uppei light lobe, secondaries m bronchial and mediastinal nodes, origin from 
mucous glands 

13 DOmeny 12 1902 M, 29 Pam m left aim, tumor masses on ribs, sternum 
and cianium, adenocai cmoma of bronchus to left lowei lobe, secondaries of 
cianium, nbs, sternum, liver, retiobronclnal and retroperitoneal nodes, bram, 
right kidney, much mucus formation, especially m metastases, origin from 
mucous glands 

14 Dorsch 13 1886 (After Passler) F, 54 Two medullary masses m right 
upper lobe, growing from right chief bronchus and involving pencardium and 
vena ca\a, the latter thrombosed, large polymoiphous cells, metastases in 
lymph-nodes at lulus, lung tissue of same side, liver, spleen, kidneys, sternum, 
dura matei 

15 Fiirich 14 (Aftei Adler) 1891 M,51 Dulness over upper right, hemop- 
tysis, cancel ous tissue m sputum, large node m right axilla, alveolar carcinoma 
of right mam bionchus, polymorphous cells, secondaries m pericardium, chest 
wall, bronchial nodes and diaphragm, ongm from mucous glands 

10 Enrich 14 (After Adler) 1891 F, 56 Clinical diagnosis, tumor of 
mediastinum, alveolar carcinoma of lowei trachea, right chief bronchus and its 
branches, polymorphous cells, light lung atelectatic, metastases m bronchial and 
mediastinal lymph-nodes, left lung, liver, heart 

17 Ernst 15 1896 M , 50 Cerebral symptoms, cough and mucopurulent 
sputum, bionchus to right uppei lobe occluded by papillifeious growth, squa- 
mous celled carcinoma, metastases in left adienal, cerebrum and cerebellum 

18 Franker 10 1904 M, 52 Laborer Pam m left chest, cough, blood- 
stained sputum, enlarged inguinal gland found to be carcinomatous, occlusion 
of left mam bronchus by cylmdric celled carcinoma, secondaries m inguinal and 
tracheal nodes 

19 Franker 10 M, 40 Chill, high fever, dyspnea, mucopurulent sputum, 
latei duty brown, bronchus to right lower lobe nearly occluded by a cylmdric 
celled caicmoma, bioncluectasis, secondary involvement of nodes at lulus 

12 Domeny Ztschr f Heilk , Wien, 1902, xxm, 407 

13 Doisch Em Fall von primal en Lungenkrebs, Inaug Dissert, Tubingen, 
18SG 

14 Ehueh Ueber das pum ire Bronchial und Lungenearcmom Disseit, 
Marbuig 1891 

15 Ernst, P Beitr 7 path Anat , etc , Jena, 1896, xx, 155 

16 Frinkel, A Spezielle Pathologie u Therapie der Lungenkranklieiten, 1904 
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20 Fkii'dlam)I n” (aftei P.Isslei ) 1885 M White medullary mass pro 

cecdmg fiom left upper lobe bionclius, uo metastases, squamous celled carcinoma 
with epithelial peails 

21 Gakbai 15 1000 M , G4 Insurance agent Asthenia, emaciation, cough, 
bloodstained sputum, night sweats, tumoi mass o\ei light scapula found to be 
caicinomi, central portion of right lung imolved in mass of caicinomatous growth 
willi mucus containing alveoli, origin fiom mucous glands, secondaries in Iner, 
both lungs bionchinl MipiaclnMculai and ictiopei itoncal nodes, old tuberculosis 
of left ape\ 



Fig 2 — Section from the bronchial adenocaiciiioma shown in F ig 1 The 
alveolai spaces are filled with mucin Zeiss obj “B ” 


22 Georgi 10 1879 M, 60 Blacksmith History of trauma, cough developed 
with scanty sputum becoming bloody, died one yeai latei , medullaiy caicmoma 
at lulus of left lung, bronchiectasis, upper left lung atelectatic, light empliyse 
matous, no metastases 

23 Geipel 20 1899 M, 70 Cigar maker Symptoms of some severe pul 
monary disease upper mam branch of left chief bionclius almost occluded by an 
alveolar cylmdric celled carcinoma, secondanes m left lower lobe, ongm 
bronchial mucosa 


17 Friedlander Fortscln d med , 1885, i, 307 

18 Garbat, A L Am Jour Med Sc , 1909, N S , cxxxvn, 857 

19 Georgi Berl khn Wchusclir , 1879, wvm and xxix 

20 Geipel Centralbl f Allg Path u path Anat , 1899, x, 848 
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24 Gougerot 21 1905 M, 46 Old tuberculosis, dyspnea, cough, mueopuiulent 
sputum with Ivocli bacilli, dulness m upper light, polyuna, light mam bronchus 
obstiucted by giowth which extended throughout uppei poition of lung, squamous 
celled carcinoma with peails, metastases m penbronchial nodes and left kidney 

25 Hale and Tribe 22 1905 M, 17 Cough, dyspnea, cachexia, blood-tinged 
sputum, glycosuna, columnai celled caicinoma of bionchus to left lower lobe, 
seeondanes m uppei left lobe, hvei, letiopentoneal and ceivical nodes and cal- 
vai turn 

26 Hampeln 23 1897 M, 57 Clnonic bronchial catanh, emphysema, asthe- 
nia, bloody expectoiation, dyspnea, pnmaiy bionclnal caicinoma with polymor- 
phous cells, ongm fiom mucous glands, no metastases 

27 Handford 24 1S88 M, 64 Collier Cough, dyspnea, lapid wasting, histoiy 
of tiauma received five months previously, blood-stained sputum, dulness over 
upper left tlioiax, growth beginning tin ee quartern of an inch above tiacheal 
bifui cation and extending along left chief bionchus, neaily filling lumen, secon- 
danes m left lung, pleuia and livei , ongm from bionclnal mucosa, light lung 
emphysematous 

28 Handford 23 1889 M, 63 Pain aftei taking food, cough, vomiting, weak- 
ness, no dulness, medullary caicinoma completely occluding lowei pnmaiy divi- 
sion of left bionchus, left lowei lobe collapsed, seeondanes in livei and bionclnal 
nodes, stomach symptoms due to ulcei 

29 Henrici 20 1912 M, 62 Cough, bloody sputum, flatness on light between 
clavicle and fouith rib, squamous celled caicinoma of bionchus to light upper 
lobe, ongm fiom bionclnal mucosa 

30 Hinterstoissen 27 1889 M,59 Lieutenant colonel Histoiy of tiauma, 
glandular swelling of left side of neck and light axilla, pam in left arm, tumor 
of light ling fingei was found to be caicinoma, paralysis of left vocal coid, 
sputum often bloody and diagnosis made from cells in sputum, caicinoma simplex 
involving bifui cation and both main bioncln, seeondanes in light axillaiy, left 
supiaclavicular, bionclnal and mediastinal nodes and terminal phalanx of light 
i mg fingei 

31 Hitz 28 (after Adlei) 1887 F, 40 Fevei, cough, dyspnea, dysphagia, 
bloody sputum, alveolai caicinoma of light mam bionchus, bionclnectasis of 
light lung, emphysema of left, seeondanes m legionary lymph-nodes 

32 Horn 20 1907 F, 18 Cough, dyspnea, pain m left thorax, hemoptysis, 
sudden death, left lung atelectatic, bionclnectasis, left mam bionchus com- 
pletely occluded by carcinoma of glandulai stiuctuie, spaces contained colloid- 
like matenal, ongm fiom bionclnal mucosa 

33 Japha 30 (aftei Adler) 1892 M, 48 Dyspnea, pam, cyanosis, pleural 
effusion, dilated veins ovei thorax, bloody sputum with cancel ous pai tides, 
cylmdnc and squamous celled caicinoma developing fiom lulus along light 
bionclnal tiee, metastases m lymph-nodes, pleuia and pencaidium, ongm fiom 
bionclnal mucosa 

34 Kvrrexsiein 31 (aftei Adlei) 1908 M, 48 Hemoptysis, pam m light 
chest, dulness ovei light lung, bionchoscope showed tumoi m right bronchus, 

21 Gougeiot, H Bull et m6m Soc anat de Pai , 1905, Ixxx, 294 

22 Hall and Tube Lancet, London, 1905, 1 

23 ILunpeln, P Ztscln f klm Med , Beilin, 1897, xxxn, 247 

24 Handfoid, H Ti London Path Soc, 1S88-9, xl, 40 

25 Handfoid, H Ti London Path Soc, 1889 90, xli, 37 

26 Hennci Join Med Beseaicli, 1912, xxvi, 395 

27 Hmteistoissen, H Wien klm Wchnschr , 1889, n, 374 

2S Hitz Em Beiti z Casuistik des pimiaren Lungencaicinoms Disseit, 
Zunch, 1SS7 

20 Horn, O Vn chows Aich f path Anat, 1907, clxxxix, 414 

30 Japha Ulcei pnmaren Lungenkrebs Dissei t , Berlin, 1892 

31 Kanenstem CharitC Ann, 1908, xxxn, 315 
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squamous celled cniciuonm with peails, metastases m liver, stomach, kidneys, 
biain ( ? ) and peuc mlium, ongin fiom hionclii.il mucosa 

35 Kidd k 1802 M, 52 Butcher Cough foi twche months, pain in left 
side, blood sti caked sputum, dispnea, dulness and feeble bicatli sounds on left, 
tumoi at bifmcation and along left chief bronchus and biancli to uppei lobe, 
bionebicctasis, atelectasis on left, secondaries in adrenal and jejunum (?) 

3G Kt 1 'iiru 13 (aftei Adlei ) 1808 F, 34 Apparently healthy, sudden death 

following bum, glandulai carcinoma with small cuboulal cells completely 
obstiucting right lower main bioncbus, bronchiectasis in light lower lobe, no 
metastases, ongin fiom mucous glands 

37 Koihmr 31 1888 M, 04 Money loaner Cough, bloody sputum, flatness 
and absent fremitus on light, sc\cre djspnea, light lung emphysematous, carci- 
noma occluding light chief bronchus 

38 Ivlil'TSCUMl (after Adlei ) 1004 M, 51 Clinical diagnosis purulent 

bronchitis, bionclucctasis, pleurisy, diabetes, aheolar carcinoma of left lower 
bronchus, no metastases ongin from mucous glands 

30 Kri tschmi if 1 * (after Adler) 1001 M, 08 Left sided pleural efTusion, 
adenomatous caicinoma of left main bronchus, metastases in bionclnal, medias 
tinal, letroperitoneal nodes, left kidney, lnei, both adrenals Origin fiom 
mucous glands 

40 KunR v 1000 M, 30 Pam in chest, cough, dyspnea, loss of weight and 
strength Cylmdric celled carcinoma arising from mucosa of trachea and bronchi, 
piolifeiating along bronchial ramifications and obstiucting lumina, diagnosed 
fiom metastases 

41 Langhans 3 * 1871 M. 40 Snnptoins of right bronchial stenosis, died sud 
dent's in a “suflfocatnc attack”, aheolar carcinoma at tracheal bifurcation and 
along wall of right bioncbus, small polyhedral cells, no secondanes, ongin from 
mucous glands 

42 Lardiiion 35 (after Adler) 1003 M, 00 Cough, emaciation, asthenia, 
mucopuiulent sputum, ilveolar caicinoma of left main bionchus, polymorphous 
cells bioncluectasis and atelectasis of left lung, secondaries in nodes at left lulus 

43 Letulle and BiLxyrxuE 33 (after Adler) 190S F , 03 Emaciation, 
hoarseness, dyspnea, bloodstained sputum, aheolar carcinoma of left main 
bronchus, polymorphous cells, secondaries in tracheal and bronchial nodes and 
adrenals origin from bronchial mucosa 

44 Maun 40 (after Adler) 1005 M, 50 Asthenia, abundant hemoptysis, 
aheolar carcinoma of left main bronchus, secondanes in bronchial nodes, peri 
caidium, left ventncle ongin from bronchial mucosa 

45 McTntare 4 1912 N, 07 Dyspnea, cough, bloody sputum, dulness over 
upper left, adenocarcinoma of bronchus to upper left lobe, no metastases, tuber 
culosis also present 


32 Kidd, P Ir Clm Soc London, 1892, xxv, 178 

33 Klubei Em Fall von Bronehialcaicinom und Lungencyste Dissei , 
Erlangen, 1898 

34 Ivoerner, O Munclien med Welinscln , 1888, w\v, 178 ^ 

35 Kretschmer Ueber das pnmaie Bronchial- und Lungenkarzmom Dissert, 
Leipzig, 1904 

30 Kubr Centialbl f inn Med , 1900, No 44, p 1089 

37 Langhans Virchow r s Arch f path Anat , -vim, 470 

38 Lardillon Contribution J l’6tude du cancel des poumons Thbse de Lyon, 
1903 

39 Letulle et Bienvenue Bull et m&m Soc m6d d hop de Pans, 190 , 
xxv, Series 3, p 010 

40 Maun, J Deutscli med Ztsclir , 1905, xxvi, 537 

41 McIntyre Glasgow Med Jour , 1912, Ixxvm, 95 
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46 Merklen and Girard 12 (aftei Adler) 1901 M, 45 Dyspnea, dysphagia, 
aplioma, dulness over right lung, blood-streaked sputum, alveolar carcinoma of 
right mam bionchus, no metastases 

47 Mfunier 43 1895 M , 70 Cabinet maker Extreme dyspnea for eight days, 
semi-stuporous , cough, sputum blood-tinged , healed tubercles in left apex, tumor 
mass at lulus of right lung, alveolai structure, polyhedral cells, origin from 
bronchial glands 

48 Minssen 41 (aftei Adler) 1900 M, 43 Pam in right chest, cough, dysp- 
nea, bloody sputum, alveolar carcinoma of right lower lobe bronchus, some 
mucus formation m neoplasm, secondaries in left pleura, bronchial and retro- 
peritoneal nodes, pancreas, spleen, kidneys, origin from mucous glands 

49 Ogle 45 1893 F , 48 Left bronchus completely obstructed by polypoid 
growth near bifurcation, purulent material in bionchi, alveolar carcinoma, meta- 
stases in bronchial nodes 



Fig 3 — Wall of esophagus showing mgiowth of bionclnal adenocarcinoma by 
dnect extension Zeiss obj “B ” 


50 Packard 40 1905 M, 55 Cigarmaker Cough, dyspnea, bloody sputum, 
dilated veins over thorax and flatness over entire right, with absent fremitus, 
enlarged abdomen, lymph-nodes m both axillae Death from hemorrhage Squa- 
mous celled caicmoma involving all of right mam bronchus and part of left, 
secondaries m left lung and pleural surface of diaphragm 

51 Passler J 1S96 M , 1 3 Pensioned policeman Cough and sputum, never 
bloody, left recunent laryngeal paralysis, medullary cylindnc celled carcinoma 


42 Merhlen and Girard Bull et mdm Soc med d hop de Pans, 1991, xvm, 
Series 3, p 760 

43 Meumer, H Arch gen de med , Par , 1895, l, 343 

44 Mmssen Ueber prmnren Lungenkrebs Dissert, Kiel, 1900 

45 Ogle, C Ir London Path Soc, 1S93-4, xlv, 25 

46 Packard, Id Med Kews, Kew York, 1905, lxxxvi, 303 
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of left clwf bionchus eompiessmg tincliea, bioiichicclasis m left lung, enipln- 
‘•ema in nglit, seeoncl.uies in both kidneas 

52 Passim 5 189G M 52 Clnomc l«u>ngitis, lepeated hemonhagcs, small 
ulceiatmg squamous celled carcinoma of light main bionchus, fatal hemonhage 
fiom eiosion of light pulmomm niton 

53 Passim- 1800 M, (>3 Ncarh complete light sided hemiplegia, cachexia 
Caicinomi of lnonchus in left lower lobe, metastnses in right lowei lobe, lner, 
ceiebium and ceichellum, cjlinduc cell t\pe with some mucous degeneration 

54 Pauow 47 (aftei Adlei ) 1S0G )I, G2 Dispnea, cachexia disphagia 
lumoi in light supiaelaMcul.il legion cjlindnc and polMiioiplious celled cai- 
cinoma of light main bionthus and fust jioition of left, metastnses in ceincal 
and supiaclaMcul u nodes Ongin fiom hionchial mucosa 

55 Pi Aiiom 1801 M 33 Steiedore Cough, mucoid expoctoiation, pain in 
left chest mipaned lcsonance o\ei left In pei lesonance oiei right side, tumor 
mass 2 )\ inches in diametei in and mound left chief bionchus, metastnses m 
lungs 

5G Pmir/ 1 " (nftoi Adlei) 189G M IS Pain in light chest, cough, dispnea, 
cachexia, flatness o\ei entire light blood\ sputum, enlarged axillan and cei 
Meal nodes, aheolai cnlindnc celled caicinoma of light main bionchus, secon 
danes in mediastinal mcsentenc, nxilhm and ceiMc.il nodes, and lnei Ongin 
fiom ducts of mucous glands 

57 Pin 0 18S7 F, G7 Dyspnea, le-sened motilitj of light chest light main 
lnonchus almost occluded ha suiiounding growth hionchiectasis of light lung 
Ciicinonn of a glandulai sen l lions t\ pe metastases in left lung ind right supia- 
claMculai nodes 

5S RuMiAitn 1 1878 AT , 47 Vaimshei lloaisono«s, djspnca, c\ano«is swell 
ing of free and neck pain in chest Alveolai caicinoma of bionchus to light 
uppei lobe, compressing supenoi \ena cn\a, left lung emplnsematotn Ongin 
fiom mucous glands ( 

53 Rosla THAI 1,1 (aftoi Adler) 1899 F , 52 Ilenuplegi i and othei ceiebial 
symptoms, some cough and djspuca Aheolar e\ lindric celled cucinoma of left 
main bronchus, secoiidanes m hi am hionchial md tiacheal nodes and left 
xentncle 

GO SciinCrTLn 2 (aftei Nagei ) 1907 F, 57 Paiahsis of left lecunent 

laixngeal Squamous celled caicinoma at infuication of tiachei completely 
blocking left chief bionchus 

G1 SniRT 3 (aftei Adlei) 1904 M , GG Aheolai squamous celled caicinoma 
of right main bionchus Secoiidanes m hionchial and tiacheal nodes, broiiclnec 
tasis, clnomc tuheieulosis, fatal hemonhage following eiosion of pulmonary 
aiteiy 

G2 Seiirt -' 3 (attei Adlei) 1904 M, GS Djspnea, dulness oiei left chest, 
hemoptj sis Squamous celled caicinoma of left mam bionchus, secondanes m 
hionchial lymph nodes and esophagus, clnomc tuheieulosis 

47 Parow T Em Fall von pnm utn Lungencaicinom Disseit, Greifswald, 
189G 

48 Peabody, G L Med Rec , New York, 1891, xxxix, 43S 

49 Pentz Uebei Brustliohlen Geschwulste Disseit, Beilin, 1896 

50 Pitt, G N Tr London Path Soc , 1S87-8, xxxix, 54 

51 Rosenthal Ueber emen Fall ion pnm iren Lungencaicinom Disseit 
Munch en, 1899 

52 Sell rotter Klmik dei Bionchoskopie, 1907 Quoted by F R Nagei m 
Aicli f Larjngol u Rlunol , Berlin, 1907, xx, 275 

53 Seiirt Beitrage zui Kenntmss des pnmaien Lungencaicmoms Disseit 
Leipzig, 1904 
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03 Siieb'* 1 ( aftei Adler) 1900 M, 50 Patient died of curhosis of liver 
Submucous squamous-eelled caicmoma of bionchus to left lover lobe, secondanes 
in legionaiy ljmph nodes 

04 Stieb’^ (aftei Adlei) 1900 M , 60 Cough, pain, weakness Alveolai 
squamous-eelled carcinoma at bifurcation of light mam bionchus, secondanes 
m both lungs and supiaelaviculai nodes 

05 Stilting 5 - 1881 M, 52 Alveolar caicmoma of bionchus to light middle 
lobe, large polygonal cells, metastases m bionelual, mediastinal and ceivical 
nodes, pencaidium and lner 



Fig 4 — Metastatic growth m kidney from pnmaiy bronchial adenoeaicmoma 
llie mucus foimation is still present but not as marked as m the pnmary giowth 
Zeiss obj “B ” 


00 Stbopeni r * 1910 F , 35 Housekeeper Pam m side, back and sliouldei , 
cough, sputum blood-streaked Subcutaneous carcinomatous nodule of left arm, 
fractuie of left femur, left lung atelectatic, right lung emphysematous Adeno- 
carcinoma fiom mucous glands of left chief bronchus, secondanes m both lungs, 
epical dium lner, both kidnejs, spleen, right femur, thoiacie and lumbai veite- 
brae and cianial vault 

07 Turnbull and Worthington-’ (after Adler) 1908 M , 56 Symptoms 
mamh lefeiable to coid lesion Mucus secreting carcinoma of bionchus to light 
lover lobe secondaries m seientli and eighth dorsal aertebiae and m ribs 

54 Stieb Ueber das Plattenepitbelcaiemom dei Bionclnen Disseit Giessen 
1900 

55 Stilling Virchows Arch f path Anat 1SS1 hwm 77 

56 Stropem L Ztsclir f Krebsforsch Berlin 1910 i\ 1-21 

57 lurnbull and Worthington Arch Path Inst London Hosp , 1908, n, 103 
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OS SciibOuiii r " 1007 M, 44 Cough and stabbing pain in right side, diluted 
a cuis on left chest, abdomen and aim, blood} sputum Specimen from right 
main bionchus was found to be squamous celled carcinoma with gl} cogen contain 
mg cells, tubeiculosis in light ape\, emph}seina of left lung 

00 Waomit” 1003 C\lindiic celled caicinoma of left chief bronchus Lumen 
of bionchus obstructed In cauliflouei giowth, metastases in left lung, anterior 
mediastinum, left lobe of lnci Ongin from bionchml mucosa 

70 Watsl II co M, 50 Mucosa reddened and lnoken at ongin of left chief 
bionchus Ncai lulus a laige tumor mass completely iiihlliating bronchial wall, 
light lung emphysematous, squamous celled carcinoma Origin from bionclnal 
mucosa 

71 W aisu.ti ™ 1001 JT, 00 No clinical history Squamous celled carcinoma 
of left chief bionchus, metastasis in a bionclnal node which also contained a 
caseating tubeicle 

72 J} aisu.ti m 1001 Jr, 50 Squamous colled caicinoma of light lower lobe 
bionchus, light lung atelectatic, patient was also tubeiculous 

73 WArSL.H m 1004 Microscopical repoit without history or protocol, sec 
tions shoyyed change of epithelium of a lowei lobe bionchus into squamous type, 
yyide penphcnl extension from this bionchus 

74 B ATSL TI m 1004 M, 04 'Junior mass at point of dmsion of bionchus 
to middle lobe, squamous coll t}pe yyitli hyaline peails 

75 Wi imii roi it ri 1001 M , 42 Beadle ITistor} of bronchitis and influenza, 
foyer, cough, bloody sputum, stndoi , dulncss oyer uppei light Cy lindnc celled 
carcinoma of sceoiulaiy bionchus in right uppei lobe, metastases in right infra 
and siipiaelayiculai and axillary nodes 

70 Wcixni noi n ni 1001 M , 52 Cleik Pam m right chest, cough dyspnea 
Blood-tinged sputum yyitli caicinomatous tissue, walnut sized tumor of panetal 
bone, right main bronchus completelj obstiucted b} carcinoma, metastases m 
liyei, kidney, muscles, intestines, parietal bone and biain 

77 Wrnxra r = 1S91 M, 03 Faim laboici Bloody sputum for ten weeks, 
pain in right axilla, hip, left foiearm, atypical epithelial cells m sputum, three 
lowei spinous piocesses painful, tumor of bionchus to upper left lobe, glandular 
stiucture, metastases in left arm (fiacture), loyycr yertebiae, neck of light femur 

78 Wist 1,3 1S84 M , 39 Laboier Dyspnea, emaciation, asthenia, night 
syyeats, dulness oy'er loy\er right Caicinoma sui rounding right main bionchus, 
reducing its lumen to one third, secondanes m bionclnal nodes and liyei 

79 Wour 3 1895 M, GO Symptoms of enyitation Cjlmdnc celled carcinoma 
enen cling and stenosmg left chief bronchus 2 cm beloyv the bifurcation, bionchiec 
tasis, metastases in liver and bionclnal nodes 

80 Wotr 3 1895 M , 54 Musician Anoicxia, asthenia, emaciation, in le 
chief bronchus an ulcerating tumoi obliterating its blanches, left lung small anc 
firm, right lung emphysematous Cylindric celled caicinoma, metastases m 
bronchial glands and peritoneum 

81 Woi F 3 1895 M, 47 Blacksmith Pam m light side, dry cough, djspnea, 
dulness and bronchial breathing on light light chief bionchus entnel} closet J 
tumor reaching 1 5 cm above the tracheal bifui cation, bioncluectasis on ngi j 
left lung emphysematous Caicinoma simplex, laige polymorphous cells, secon 
daries m lungs, dura mater and liver 

82 Woi F * 1895 M, 42 Factory hand Clinical picture was that of biain 
tumor, right chief bronchus partially closed and its mucosa ulceiated, tumor 


58 v Sehrutter Ztsclu f klin Med , 1907, Ixn, 508 

59 Wagner Munch en med Wchnsclu , 1903, 1, 133 

00 Watsuji, S Ztschr f Krebsforsch Jena, 1903 4, i 445 

61 Weinbeiger Ztschr f Heilk , 1901, u, 78 

62 Wernei, M Das prim ire Lungencarcmom etc, Disseit, Freiburg 1 

63 West Tr London Path Soc , 1S84, xxxv, 87 
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extends into both uppei and lowei lobes Alveolai caiemoma with large poly- 
morphous cells, metastases m spleen, kidneys and biam 

83 WorF 3 1895 M, 58 Epistaxis, dyspnea, dulness ovei light apex, sputum 
became bloody, light mam bronchus filled with cauliflower giowtli, left lung 
very emphysematous Glandular celled carcinoma, secondaries in lungs, dura 
matei, nasal septum 

84 Wolf 3 1895 M, 55 Mechanic Bilateral hydrotlioiax, wall of right mam 
bionchus thickened, bronchiectasis on right Carcinoma, alveolar m structuie, 
laige oval cells, metastases m liver, poital vein, letropentoneal nodes and seventh 
and tenth thoiacic vertebiae 

85 Wolf 3 1895 M , 56 Servant Dyspnea, weakness, hemoptysis, dulness 
with bronchial breathing over entire left left chief bronchus completely filled 
with tumor invading lower 3 cm of trachea and constricting right bronchus, 
emphysema of right lung Carcinoma, alveolar m structure, secondaries m 
thyioid and both adrenals Origin fiom bronchial glands 

80 Wolf 3 1895 M, 67 Collectoi Dyspnea, dysphagia, pain in left aim, 
flatness on peieus sion over uppei left, death fi om suffocation, left chief bionchus 
occluded by growth from its own wall Squamous-celled carcinoma, metastases 
m pericardium and retroperitoneal lymph-nodes 

Age Periods 

0Vr\O'U\OV\O irv c lr\omo u\ 
cm <v r^i m v u\ m io ^ n n co o o 



Fig 5 — The age incidence of pumaiy bronchial carcinomata by five year 
penods, based on a total of eighty-five cases The abscissae indicate the numbei 
of cases, the oidmates the age periods 

57 Wolf 3 1895 M, 69 Mechanic Clinical pictuie was that of phthisis, 
in light chief bionchus, 3 cm beloiv bifurcation, an oval ulceiated area, bron- 
chiectasis on light Squamous celled caiemoma, metastases m bronchial lymph- 
nodes and liver 

58 Worr 3 1895 M, 54 House poiter Abscess over eighth nb Squamous- 
celled caiemoma blocking light mam bronchus from bifurcation down, perforating 
supenoi \ena cava and compiessmg light innominate, tuberculosis m pleuia and 
light apev, secondaries m both kidneys and left adienal 

SO Worr 3 1S95 M, 65 Mechanic Clinical pictuie dominated by ceiebial 
symptoms, tmnoi mass beneath eioded area in right chief bronchus, bioncluec- 
tasis Squamous celled caiemoma, metastases m light cerebral cortex and bion- 
chial nodes 

9 he following case fiom the Medical Sen ice of the Umveisity hospital also 
belongs m this gioup 

Jhsloi \j —Male aged 47 (’), awning-maker Bi ought to the hospital m an 
unconscious condition at 9 30 a m, Xmembei 12, 1911 Only a brief history 
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could be obtained fiom tbe patient’s fnends He bad not been as well as formerli 
foi two xeais Mmked di spnea foi some time, -with epistaxis and hemoptysis 
I be patient bad belieied that lie bad asthma, and stramonium leaies -were found 
in bis pockets He became unconscious while seated in a chan in a hotel lobbi 
Examuuition — The following notes aic taken from tbe hospital lecoids 
Hie patient was intenseli cmnotic skin dr}, pupils e\enl\ and marked!} con 
tracted, lcacting but iciy little to light Theie was marked dyspnea, with great 
actmti of the accessor! muscles Respiiation chaiaetei ized b} a slioit deep 
inspiration and long expnaton pcnod Hie rate was but 10 or 12 pci minute 
llieio weie mam i files dining inspiration No area of dulness was detected 

Hie lieai t was icgulai appaienth not enlarged, and the heait sounds weie 
of good qualiti , the rate, 110 'Jhe indial pulse was of good si/e, quick, and 
fanli compiessible 

Hie patient moied both aims icadih but no spontaneous moicments of the 
legs weie noted 

The ui me obtained In catheterization, was negatne except foi a heave tiace 
of albumen 'Jests for morphin applied to tbe urine were negatne Stomach 
washings contained onl\ a little slum mucus and a few fine particles of food 
Hie rectal tempera tme was 07 8 and 00 Y 

Ticatmrnt — A coffee and wlnskc} enema was retained The stomach was 
washed with potassium pel manganate solution 1 to 300 and 1/150 gi doses of 
atiopin admimsteied on the assumption that the case might be one of morphin 
poisoning Oxigen was also used, and stnchnin in 1/30 gr doses 

Death ocean led at 1 33 p m of the same da} Respiiation ceased about one 
minute befoie tbe heart stopped beating 

Ncaopsy — 'Jhe autopsi was performed In Di A S Wnitlim at 0 00 a m, 
Noi 13, 1011 'Jhe more impoitaiit points in the piotocol dictated hi Dr Wai- 
tlnn aie included below 

'llioi i\ long, epigastnc angle less than a light angle, supeificial icins not 
dilated, a small amount of blood stained mucus in the mouth 

Skull cap xerv tlnn, otheiwise negatne, dura adherent all oicr the comexiti 
arachnoid slighth thickened, comolutions pale and edematous, section of biain 
otherwise negative 

No fiee fluid or gas in peutoneal cawty Lnei in median line two fingei 
breadths below the ensiform 3'he diaphragm rises to the lei el of the fifth nk 
on the light and the sixth lib on the left 

No free gas oi fluid in the thoiacic cant} There are a few small adhesions 
between the nsceial and parietal pleurae, most marked at the light apex where 
the pleuia shows a dense li} aline thickening, no enlaiged hmpli nodes in the 
anterior mediastinum 

Apex of the heart at the sixth interspace in nipple line Auucles, paiticulai i 
the right distended with unclotted blood Mitral orifice somewhat laigei t inn 
noimal, admitting two fingeis with ease, tricuspid admits foui fmgeis, vn ie 
flaps negative 

Orifices and valve flaps of pulmonaiy arter} and aorta negatne Lo nariow 
ing of lumen of aorta and no aneuiysm .. , 

Left lung Anterior bolder extends to left sternal line Large bioncu ec 
with creamy exudate, bionclnal nodes small and heavily pigmented, modem e i 
voluminous, marked congestion and edema , 

Right lung Antenoi border extends to right sternal line Hie lung 1S 0l ” K 
by many adhesions to a tumor the size of an orange xvlucli is connected vu i ' 
bronchial nodes the esophagus and the descending aorta The tumor mass co 
pletely surrounds the mam bionclius to the right lung and lias mfi ra e a 
destroyed the bronchial wall The lumen of the bronchus is markedli nan on 
(Fig 1) The tumor also extends along the bronchus to the upper o e 
At the level of the bifurcation the trachea is much stenosed by tie pres 
of the tumor mass This stenosis affects the left main bronchus more ia ^ 

right Hie former barely admits a glass rod 2 mm in diameter ie u 
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the esophagus I s * also narrow ed at the same level and the vail is fhmiy attached 
to the tumoi mass 

Spleen Small, capsule slightly wnnkled and contains nunieious small hyaline 
thickenings, atiopliy of pulp and follicles, increase of stioma 

Left kidney Fibious capsule strips easily On section the paienehyma is 
deep puiplisli red, bleeds fieely Seveial small giayish nodules beneath the 
surface 

Right Kidney Shows less passive congestion than the left, otheiwise similai 
Adienals Koimal m size medulla preseived 

Laige and Small Intestines Paitially distended with gas duodenum negative, 
pylorus patent, stomach mucosa slightly ati opine, no eiosions 01 hemoiiliages 
Panel eas Congested and softer than noimal 

Livei Capsule somewhat thickened and contains small hyaline aieas, paien- 
ehyma shows a maiked acute passive congestion, gall bladdei shows old adhesions 
Abdominal aoita show's patches of scleiosis and atheroma 
Reti opei itoneal ljmph nodes aie ati opine and congested 
Mici oscopical Findings — The most impoitant microscopical findings follow 
Heait Atiopliy, fatty degeneration, artei loscleiosis of coionanes 
Spleen Atiopliy, chionie passne congestion, acute congestion, hyaline thick- 
ening of capsule 

Biam Congestion, edema, ehiomc leptomeningitis 

Kidneys Acute passne congestion, atiopliy, cloudy swelling, metastatic adeno- 
caicmoma 

Right Lung Cluonic abscess, chronic fibioid pneumonia, bi onclnectasis, 
cluonic passive congestion 

Left Lung Emphjsema, chronic passive congestion 

Lnei Atiopliy, cluonic passive congestion, hyaline aieas in capsule aie thick- 
enings with hyaline bloodvessels, probabty neaily healed angiocaiemosa 
Panel eas Atiopliy, scleiosis, post moitem change 

Keoplasm Aftei foimaldeliyd fixation and paraffin infiltration, sections of 
the neoplastic tissues were stained m hematoxylin and eosm, carbol ki esyl-eclit- 
violett, Bismaick biow'n and hematoxylin and picuc acid The pi unary tumoi 
mass shows an adenocarcinoma wutli n regular gland-like spaces (Fig 2) which 
are lined by two 01 moie rows of epithelial cells, with large spherical 01 oval 
nuclei Tlieie is some tendency for the oval nuclei to be arranged with their 
long axes paiallel to each other and perpendicular to the lumina, giving a marked 
ci lindi ic celled appeal ance The cell nuclei stain readily but not intensely with 
the vinous basic stains The alveolai spaces are filled with a finely gianulai 
matenal which takes a bluish stain with hematoxylin and leaets metachi omatic- 
allv with caibol kiesjl edit violett, thus lesemblmg mucm m every particular 
The same aiclutectuial and cell characteristics aie found in all paits of the 
neoplasm examined In the moie peripheial portions of the growth such as the 
part imading the esophageal wall (Fig 3) the alveolar spaces aie smallei 
E\en in the metastases in the kidney (Fig 4) mucm foimation has taken place 
The neoplasm must be consideied a primary adenocarcinoma of the light mam 
bronchus, cilinduc celled in chaiaeter, piobably arising from the bionchial 
mucous glands 

GENERAL CONSIDERATIONS 

Frequency — The number of cases repoited indicates that bionchial 
caicmoma is not as iaie a disease as has been supposed "Wolf 3 found 
lung and bionchial carcinomata m 223 pei cent of 20,116 autopsies and 
Passlei consideis 87 pei cent of the neoplasms in this group to be of 
bionchial oiigm The difficulty m diagnosing the condition has done 
much to keep down the percentage but now that its fiequenci of occur- 
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ience m more fully icali/ed and ^eaicli is being made for it, the ratio 
of incidence is being iai<=ed Tins is shown by the statistics of the com- 
bined lung and bioncbial gioup which Adlei 1 piesents m his monogiaph 
A summation of the moie iccent statistics gnes foity cases jn a total of 
11,003 autopsies, that is, 3G pci cent 

Age — The age was gncn m eighty-fhe of the eighty-nine cases m 
oui ow T n list The disti lhution ovei fne-yeai penods is shown by Figure 
5 The maximum numbei is found in the age penod 56 to GO, inclusive, 
but the possibility of occui ience m \en young individuals is emphasised 
b} the cases of Hall and Tube- 2 and of Hoi n, 20 in which the patients 
weie 17 and IS. lespectneh 

Set — In eight} - c even cases, seventy patients weie males and seven- 
teen females Passlei found the ratio to be lift} males to eighteen 
females m his list of both lung and bronchial caieinomata After mak- 
ing due allowance foi the u-ual piepondeiance of male patients in the 
hospitals fiom which many of the cases are denved, it still seems evident 
that bionehial caicinoma is much moie common in males than m females 
Locuixon — Much stiess has been laid on a supposed excess of cases 
of carcinoma of the light bionehial tree as compaied to the left Bern- 
hard, 04 for instance, lepoited eighteen lung caicmomata fiom the light 
side and nine fiom the left This dispioportion lias been attubuted to 
the larger si/e and moie dnect couise of the light mam bionchus with 
the thought that it would be subjected to a gieatei degree of mechanical 
irritation than the left Adlei, 1 m his combined lung and bronchial list, 
finds the light side moie fiequently alfected than the left, but thinks 
that the diffeience is too small to serve as a basis foi a theory We find 
the twm sides to be involved with approximately equal fiequency 

Left side 2S c'ises 

Right side 27 cases 

Both sides 14 cases 

Etiology — The data m regaid to occupation aie too meagei to peinut 
the drawing of definite conclusions The case of Boyd, 0 m a bottle- 
blower, those of Beck, 7 Geoigi, 10 and Wolf 1 m blacksmiths, with Hand- 
ford’s 24 in a collier, mav be picked fiom the twenty-five of known occu- 
pation as instances m which opportunity foi cliionic bionehial nutation 
is obvious In discussing the etiology of this group, Wolf 3 mentions 
luetic scars and ulcerations, but puts the most emphasis on a bieakmg 
through of softened pigmented lymph-nodes into the bronchial lumen 
He says that the “Pigmentdux chbruche” occur especially m the clue 
bronchi just below the bifurcation and moie often on the right side than 
on the left This theory has not been supported by the microscopical 


04 Remhaid, W Arch d Heilk , 1878, \iv, 369 
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findings in subsequent eases, and the part played by dust inhalation 
requires further study. A very suggestive fact is the preponderance of 
cases m males who. through occupation and the use of tobacco, are more 
exposed to the inhalation of nntatmg substances than are females 
(Adler 1 ). 

In but three cases was the disease attributed to trauma. Two of these 
were from falling (Hmterstoissen 27 and Handford 24 ), and the other 
from a blow on the chest from a piece of iron (Georgi 10 ) We may, there- 
fore, be certain that gross trauma is not an important etiological factoi. 

In a very few instances squamous-eelled carcinomata have been 
described as developing m the walls of bronchiectatie or tuberculous 
cavities (Kaufmann 07 ) The senes of cases here reviewed indicates, 
however, that bronchiectasis is a result rather than a cause of the neo- 
plastic growth. Bronchiectasis is specifically mentioned m fifteen of the 
case reports, but it occurs m the peripheral portions of the lung rather 
than at the site of the tumor, and is usually accompanied by atelectasis 
It must be considered as due to the stenosis of "the bronchus and the 
inflammatory changes m the lung parenchyma. 

In eleven cases out of the eighty-nme a eomcident tuberculosis is 
mentioned This is usually apical and m two or three instances is 
spoken of as "old” or "healed ” There is nothing to indicate that the 
tuberculosis was m any way a direct causal factor. It would rather 
seem that some chronic inflammatory process m the lungs such as tuber- 
culosis, chronic bronchitis or chionic pneumonia, which is also rather 
frequently found m these histories, may be indirectly the inciting influ- 
ence. Moie complete histories of the previous condition of the patient must 
be had before the importance of these factors can be fully established 

Point of Oi tgin — Primary carcinoma of the bronchi may arise either 
from the bronchial mucosa or from the epithelium of the bronchial 
mucous glands Analysis of the cases listed gives the following results . 


Origin from mucous glands . 

22 

Origin from bronchial mucosa 

17 

Uncertain or unspecified 

50 


Of the adenoearemomata, eighteen aie referred to a glandular origin 
and six to the mucosa. All of the squamous-eelled type, m which the 
point of ongm is given, are said to have arisen from the mucosa. In the 
latter case, there is much m favor of the theory that the malignant 
change is associated with a metaplasia of the surface epithelium to the 
squamous type The case of Davis and Le Count is illustrative, for the 
mucosa was found to resemble skin from a centimeter above the tracheal 
bifurcation to a point some distance along each of the mam bronchi 


67 Kaufmann Lelirbuch der Speziellen Patliologisclien Anatomie, p 303 
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Von Schrotter Cfi also argues for a metaplastic origin for the squamous- 
celled type rather than lefenmg it to an embryonal anlage 

In the case lieie repoited the ongm was probably from the mucous 
glands As m many othei neoplasms of similar character the “Uebei- 
gangsbilder ” which would prove this pointy aie lacking Ilowevei, many 
sections taken along the mam bronchus show small islands of tumor, 
occupying the noimal position of mucous glands, equaling normal 
mucous glands m size, and themselves containing mucus At this same 
point the bionchial mucosa is inflamed and eroded, but nowheie neo- 
plastic The geneial architecture of the tumoi is also leiy suggestive of 
the glandular ongm 

Histopathology — In fifty-five cases, the geneial structural character 
of the neoplasm is given It is spoken of as 

Alveolar, ascmar or adenomatous in 45 cases 

Medullary in 5 cases 

Scirrhous m 3 cases 

Simplex in 2 cases 

This shows an unduly laige number of the fiist gioup, for m most of 
the cases descubed as “squamous,” nothing is said m regard to structure 
According to cell type, we find these carcinomata described as 


Squamous celled m 

25 

cases 

Cyhndnc celled in 

18 

cases 

Polymorphous celled in 

10 

cases 

Round or oval celled m 

2 

cases 

Gland celled in 

1 

case 

Cuboidal celled in 

1 

case 


It is probable that most of the cases m the last four groups might 
have been placed m one or the other of the first two. The two chief 
forms of bronchial carcinomata are, therefoie, the adenomatous cylindric- 
celled type and the squamous-celled type 

As has been described, mucus formation was a prominent feature m 
the histological picture of our own case It is mentioned in ten of those 
listed, all adenomatous m character The extent of mucus pioduetion 
varies from the formation of intracellular vacuoles, as m the case o 
Beck , 7 to the filling of large alveoli with metachromatically staining 
mucin, asm the cases of Stropem 60 and Domeny 12 Boecker 8 and Horn 
consider that mucus formation does not prove an origin from the bron 
chial mucous glands, although m most of the other cases such an origin 
is maintained Mucus formation m the metastases has been noted m 
three eases, including our own 

Metastases — The proneness of lung and bronchial carcinomata to 
give rise to metastases has been much emphasized Wolf 3 found secon 
aries m twenty-one cases out of twenty-three, Passler,® m sixty- nee 
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cases out of seventy-four. The figures from our list of exclusively bron* 
ehial carcinomata closely parallel these 

Metastases found to be present 70 cases 

Metastases not mentioned 11 cases 

Metastases not found 9 cases 

The locations of the secondary growths were the most varied Some 
unusual sites are mentioned, such as m the finger (Hmterstoissen 27 ), 
and nasal septum (Wolf 3 ) It is unnecessary to give a complete enumer- 
ation of the secondaries found, but the bronchial, cervical and axillary 
lymph-nodes, lrver, kidneys and adienals were most frequently involved. 
In the case heie reported, the only secondaries were those found m the 
kidney Two other observations should be mentioned ' 

1 The proneness to biam metastases, which are found m twelve 
cases The clinical picture may be dominated by such secondaries 
Domeny 12 reports a case m which the chief findings were pam m the 
head, visual and auditory disturbances and choked disk In this instance 
there were seven brain metastases from a bronchial adenocarcinoma 

2 The frequent occurrence of palpable secondaries m the lymph- 
nodes In thirteen cases such nodes were noted, usually cervical, supra- 
clavicular oi axillary The reported cases show that, as a rule, if the 
glands of but one side are invaded the neoplasm will be found to involve 
the bronchus of the same side 

SYMPTOMATOLOGY AND DIAGNOSIS 

In a few cases an ante mortem diagnosis of bronchial carcinoma is 
absolutely impossible Such cases fall into three groups (1) those in 
which the neoplasm is very small and is discovered only incidentally, as 
m the case leported by Kluber, 33 (2) those m which the clinical picture 
is dominated by ceiebral or other metastases, as m one of Wolf’s cases; 
(3) those m which the patients are practically moribund when first seen. 
The case here reported falls m the last group 

On the other hand, diagnosis is often possible, as is shown by the 
fact that m about ten of the cases listed m this paper the nature of the 
process was ascertained before necropsy With the additional aids now 
available the proportion of diagnosed cases should be very much mci eased 
The chief symptoms mentioned m the clinical histories of the listed 
cases, m the order of their fiequency, are as follows 

1 Cough — Sometimes this is spoken of as a “dry” cough, but the 
case reports give no characteristic description 

2 Dyspnea — This very fiequent symptom is usually progressive m 
cliaractei, becoming more and more severe, and oftentimes terminating 
m the death of the patient m a suffocative attack 



332 


THE ARCHIVES OF INTERNAL MEDICINE 


3 Hemoptysis — Hemoirhage, ranging from a bloody stieak m an 
otheiwise mucopurulent sputum to a busk flow of blight red blood, is 
one of the most common findings In foity-two cases m which the 
chaiactcr of the sputum is mentioned, there was some degree of hemop- 
tysis in thirty-five The “ black-currant [jelly” 01 “laspberry jelly” 
sputum once thought to be characteristic of lung and bronchial car 
emomata is larely mentioned m case repoits 

4 Pain — Pam is also frequently a factor m the clinical picture It 
is felt m the chest, usually on the affected side, or m that shoulder and 
arm. Heie it may be explained as a referred pain, oi it may be due to 
pressure on the biaclnal plexus fiom a secondary involvement of axillary 
or clavicular nodes. 

5 Picssure Symptoms — The group of symptoms arising fiom pies- 
sure of the neoplasm on sui rounding structures is of great diagnostic 
value Piom obstruction to the venous return we have dilatation of the 
supeiiicial veins of head and. thorax, often accompanied by edema These 
changes are mentioned in nine cases In five paralysis of the recurrent 
laryngeal is noted and two others showed aphonia Dysphagia is reported 
m four instances, and in one pupillary inequality and ptosis of one lid 
developed 

The usual absence of fever and night sweats from the symptom com- 
plex is worthy of note In but four of the ninety cases is fever mentioned 

The physical findings vary with the extent of the neoplasm, with the 
degree of stenosis of the bioncln and with complicating lung conditions 
The usual percussion findings are dulness m the lobe or lobes supplied 
by the affected bronchus and hyperresonance in the opposite lung The 
dulness depends largely on atelectasis due to air absorption from the 
alveoli of the lobes of which the bronchi have been blocked The hyper- 
resonance is due to a compensatory emphysema m the opposite lung 
Signs of cavitation m the affected lung are also frequently found In 
the bronchial type of pulmonary carcinoma cavity formation is usually 
due to bronchiectasis rather than to breaking down of the neoplasm, a 
process to which it is often erroneously referred As previously men- 
tioned, bronchiectasis is practically always found m the portion of the 
bronchial tree beyond the stenosis In general, it may be said that the 
physical findings m bronchial caicmoma are those of bronchial 
obstruction 

Bronchoscopic examination may confirm a diagnosis of bronchial car- 
cinoma Renon, Geraudel and Marre 05 report such a case (not included 
m list through lack of autopsy findings), m which the lower portion of 
the left mam bronchus was seen to be entirely obstructed by a neoplastic 
growth A piece of the tumor was removed through the bronchoscope, 
examined microscopically, and found to be squamous-celled in character 


65 R6non, L Ggraudel et Marre Presse mgd , Paris, 1910, xvm, 401 
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Radioscopy is of the greatest service in these cases After describing 
thirteen eases of lung and bronchial carcinoma which were examined 
radioscopieally, Otten 60 concludes that tumors arising from a large bron- 
chus at the hilus and spreading into the lung as a compact mass, should 
give little diffi culty; that differentiation is difficult when the neoplasm 
spreads diffusely along the bronchial tree, and that the skiagram gives 
the most certain information of any method m regard to the precise 
localization, the manner of spreading and the extent of bronchial 
neoplasms 

No opportunity should be lost to obtain evidence m regard to the 
histological character of the neoplasm This may often be accomplished 
by the excision of a metastatic giowth, as previously mentioned, by 
removal of a specimen through the bronchoscope, or by careful search 
of the sputum The atypical cells were recognized m the sputum m four 
of the cases m our list Strop eni no said that no symptom was pathog- 
nostic except the finding of tumor cells m the sputum, but now broncho- 
seopic examination and removal of a specimen may be added as an even 
more satisfactory procedure 

Treatment — In the past the diagnosis of bionehial carcinoma has 
been considered as chiefly of prognostic value However, m the rapid 
advance m mtrathoracic surgery the condition is becoming an operable 
one Ders 08 reports a total resection of a carcinomatous lung, m which 
case the death of the patient resulted from a septic process developing m 
the lung stump In Lenhartz ’ 00 group of cases a resection of a carcin- 
omatous lobe is repoited m which the patient remained 'comparatively 
well one and a half years after the operation Kuttner 70 and Sauer- 
bruch 70 have also removed large sections of carcinomatous lungs with 
success The early diagnosis of this condition therefore becomes a matter 
of the greatest importance, for only through an early diagnosis can the 
patient be offered any hope of relief or cuie With this m view, bronchial 
carcinoma should always be considered a possibility in diagnosing lung 
conditions Patients with cough, dyspnea, hemoptysis or pressure symp- 
toms m various combinations of intensity should be studied by the newer 
diagnostic methods which have been applied to this condition In doubt- 
ful cases, Adler 1 advises an exploratory thoracotomy. 

Modern lung surgery furnishes the greatest incentive for the early 
diagnosis of bronchial carcinoma, and it is hoped that this study will 
aid in makmg such diagnoses possible 

I wish to acknowledge my gratitude to Dr A S Wartlun for his supervision 
and assistance in the preparation of this study 


G6 Otten, M Fortsclir a d Geb d Bontgenstrahlen, Hamburg, 1906, is, 369 
6S Ders Centralbl f Chir, 1911, sxxvin, 427 

69 Lenhartz Cited by Brauer, Centralbl f Chir , 1911, sxxv in, 427 

70 Ktittner, Sauerbruch Cited by Batzdorff Centralbl f d Grenzgeb d 
Med u Chir , 1912, sxi, p 1 



THE LOCALIZATION OF IMPULSE INITIATION AND 
CONDUCTION IN THE HEART 1 


JOSEPH ERLANGER, M D 

ST LOUIS 
INTRODUCTION 

It has ever and quite naturally been true that the discovery of a new 
structure immediately has started an effort on the part of investigators 
to deteimme the function thereof, and comersely that the discovery of 
a new function 01 property has initiated an effort to discover some 
structuie that could be made the seat of such function or property 
The history of the localization of impulse initiation and impulse 
conduction in the heart illustrates m a striking manner these tendencies 
and their effects The heart is spontaneously rhythmical Does it 
contain a definite stiucture whose purpose it is to initiate this spon- 
taneous rhythm ^ Or, again, m the heart, impulses are carried from 
one part to another Is this the function of a special structure ? Con- 
versely, a structure is found m the heart which conceivably might act as 
pace-maker, while still another is found which might well serve to carry 
the excitation waves from point to point m the heart At once experi- 
ments are devised with the object of obtaining answers to these questions 
Nothing could be more logical, nor m the long run more certain of 
gaming the goal than such a course Nevertheless there is a danger, 
\ery r well illustrated by the history of these subjects, of accepting the 
bare inference in either direction as a fact, or of accepting as conclusive 
experiments which by the investigators themselves are legarded only as 
suggestive, or, owing to the leasonableness of the inference, there even 
is a danger that the investigators themselves may be led to draw conclu- 
sions from evidence which at the time is obviously insufficient, or which 
time may show to have been insufficient 

While the mam purpose of this paper is to review critically the work 
that has been done m the effort to localize the functions of impulse 
initiation and conduction m the heart, it is hoped that it will at the same 
time serve to illuminate the way to some of the pitfalls and dangers and 
difficulties that beset investigators m this field of physiology 

♦Manuscript submitted for publication m The Archives Dec 16, 1912 
♦Lecture read before the Harvey Society, New York, Nov 9, 1912 
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I THE LOCALIZATION OF IMPULSE INITIATION 

HISTORICAL 

The earliest attempt to account fox the regularity of the heart’s 
action led the older physiologists into all sorts of futile hypotheses 
Down to the year 1813 the term “organic instinct ” was employed to 
designate it 1 Long before this date, however, physiologists were in the 
possession of facts which might have sufficed for a generalization closely 
approximating the truth as we now see it Thus Harvey and some of the 
older anatomists observed the movements of the venae cavae to continue 
m some of the lower animals after the auricles had ceased to move In 
the search for the ultimum monens of the body, Haller, and perhaps 
others before him, discovered that m cold-blooded animals the right 
auricle usually survives death of the oigamsm longer than other parts 
of the heait This survival, however, was not attributed to any property 
of the tissue of the heart, but was thought to be due to the fact that after 
death the right side of the heait generally contains a greater or less 
quantity of blood which was supposed, m the time of Haller, to supply 
the stimulus to the heart 

Much later, m 1811, Hysten was able to confirm Haller from a study 
of the human species after decapitation by the guillotine Hysten, 
indeed, went one step farther, he studied the irritability of vanous 
regions of the human heart, using galvanism as the stimulant and found 
that usually “those parts of the auricle around the entrance of the 
venae cavae retain their contractility longest” 

The sequence of the heait beat m both warm- and cold-blooded 
animals was also known at this time But rather than refer this sequence 
to any definite structure m the heart and possibly under the influence of 
the latromechamsts, mechanical lather than physiological explanations 
of the orderliness of the contractions were sought Tor instance, accord- 
ing to Haller and Senac, the usual sequence of the several chambers is 
exactly what one would expect if the blood is the “habitual stimulant 
on which the movements of the heait' depend ” In view of the fact that 
the contraction of the heart occurs m the order m which the blood flows 
into its different cavities, this conclusion seemed quite satisfactory The 
regular sequence of the auricles and ventricles of the empty heart was 
attributed by Beid, 1 m 1839 to mechanical stimulation of the empty 
ventricle by the tug of the auncles Although Reid apparently was not 
able to fiee himself entirely of the influence of the prevailing hypotheses, 
he, nevertheless, records an experiment which led him to suggest m a 
'ague fashion anothei possible explanation of the sequence of beat He 
discoveied that an empty heart would beat when all stimuli were removed 

1 Reid In Todd’s Encyclopedia of Anatomy and Physiology, London, 1839, 
p 607 
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by placing it m the exhausted leeeiver of an air pump, and concluded 
that "we aie almost obliged to liave recourse to the supposition that there 
is some innate power m the heart itself ” 

As an example of another type of mechanical explanation of the 
transmission of the impulse along the heart may be mentioned here m 
parsing one suggested by Kursehncr 2 m 1850 Kurschner ventured to 
suggest that the lalve musculature, which is descubed m the second part 
of this paper, by pulling on the ventricles, and thus putting into motion 
a complex mechanism, determines the sequence of the auncles and 
ventricles 

The experiment of Stannius, described m 1852, has done more, how- 
ever, toward putting physiologists on the right tiack than any other 
contribution to this subject Stannius, it is well known, separated by 
means of a ligature the smus from the auricles m the frog’s heart and 
found that the sinus then continued to beat with undisturbed rate, 
whereas the subjacent parts of the heart came to rest It was this 
experiment, as interpreted and built upon by Gaskell, Englemann and 
otheis, forty or more 3 ears later, that finally led to the conception that 
the pace-maker is a part of the heart itself, and that part, namely, the 
sinus region, winch possesses the highest grade of rhythmicity Before 
this conclusion was generally accepted, however, the view had first to 
be overcome that the beat of the heart is dependent on the ganglia, 
described by Bemak shortly before Stannius reported the results of his 
ligature of the heart It was Gaskell who showed that m the frog’s 
heart rhythmicity is not located m the ganglia, but “m those parts of 
the heart muscle which remain least altered both m cncular arrangement 
of their fibers and m their physiological status ’ 

We may be permitted to recall m this connection a recently closed 
chapter in the physiology of the heart, because it illustrates so well the 
pitfalls m the path of our efforts to attach function to a likely structure 
Kaiser , 3 m 1894, reported that if the frog’s heart is brought to a stand- 
still by tying off the sinus, a single stimulus applied to the surface of 
either the auricle or the ventricle is followed by only a single response, 
whereas if the stimulus be applied m the region of Bidder’s ganglion m 
the auriculoventricular ring, each single stimulation is followed by a 
series of rhythmical contractions He then goes on to say that ‘if 
Bidder’s ganglion be removed, stimulation m the region which before 
aroused a senes of responses now gives only one response for each 
stimulus” Kaiser, therefore, regarded the ganglion as the rhythmical 
center of the heart Gaskell has shown since, however, that Kaisers 


2 Kurschner Wagner’s Handworterbueh der Physiologie, Braunschweig, 

135°, p 80 

3 Kaiser See Martin, Bull Johns Hopkins Hosp , 1905, xvi, 
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conclusions were based on faulty experimentation By working more 
carefully, Gaskell proved that Bidder’s ganglion might be pierced with 
a needle without causing any contractions of the heart; whereas the 
slightest prick of the muscular tissue in the auriculoventncular groove 
would give rise to a series of contractions Obviously Kaiser had stimu- 
lated the heart tissue subjacent to the ganglion, though he believed he 
was st im ulating the ganglion only It is hoped that subsequent sections 
of this paper will serve to show how closely akin to this problem and to 
the methods of solving it, is the problem of impulse initiation as it 
presents itself to us to-day 


ANATOMICAL 

The recent impetus given to the attempts to localize a pace-maker of 
the heart is perhaps due more to certain recent advances m the anatomy 
of the heart than to any other one cause, and we must, therefore, first 
direct attention to the light which has been shed on our subject by the 
efforts of anatomists. 

Of the primitive hearts, that of the eel is selected as a type, owing to 
the care with which its physiology has been studied, and because it seems 
to elucidate especially well some of the problems with which this paper 
deals This heart 4 comprises three contractile cavities, the sinus venosus, 
the auncle and the ventricle. The arrangement and relations of these 
chambers are shown only diagrammatically m Figure 1 At the junction 
of the sinus with the auricle the whole circumference of the smus wall 
does not terminate directly m the proper auricular tissue, for here the 
proper auricular tissue does not form a complete chamber, its floor bemg 
made up of what appears to be a direct prolongation of the ventral wall 
of the smus The auricle is not directly continuous with the ventricle, ' 
there is a short mtervening tubular communication resembling the 
canalis auricularis This connection is effected by means of an extremely 
narrow and prolonged strand of muscle fibers which is prolonged from 
the muscular wall of the auricular canal, and, penetrating a considerable 
amount of connective tissue which lies m that situation, at length 
becomes continuous with the muscular substance of the ventricle The 
mucular continuity between the canalis and the ventricle is established 
by means of a remarkably long and slender isthmus of muscle substance 
which becomes continuous with the central fibers of the ventricle In 
an effort to show the relation of the mammalian heart to that of the 
eel, Figure 2 has been evolved We do not mean to maintain that the 
assumptions involved m this diagram would pass muster before a com- 
parative anatomist Be that as it may, the diagram has proved of great 

4 McWiJham Jour Physiol, 1885, vi, 192 from which what follows is 
largely quoted 
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seivice m the attempt to -unify the conti lbutions to the subject of impulse 
initiation and conduction 

Inasmuch as the sinus is the pace-maker of the cold-blooded heait, 
it behooves us fiist to deteimme what becomes of the sinus m the evolu- 
tion of the heait to the mammalian form The embryological method of 
detei mining this mattei has been puisued by Ills c His investigations 
have shown that m the couise of deielopment the counterpart of the 
sinus venosus of the cold-blooded lieai t becomes m the human heart the 
part of the light auricle which His designates the sinus leumens 0 One 
poition of the sinus, namely, the coronary smus, accoidmg to His, 
persists as an easily distinguishable stiuctuie, the right horn of the 
smus, howevei, sinks deep into the auncle, and the walls of these two 



Fig 1 — Heart of the eel Diagrammatic Modified from McWilham 


regions become fused to such an extent that anatomists, to quote, “as 
yet have had no occasion to designate the smus as a definite part of the 
heart” Nevertheless, its limits are distinguishable at all ages Exter- 
nally it is delimited on the right by the sulcus termmalis, a groove on the 
suiface of the heart just to the right of the opening into the auricles of 
the superior and inferior venae cavae On the inner surface of the auricle 
corresponding with the sulcus termmalis is a ridge, the tenia termmalis 
To the light of this ridge the wall of the auricle is roughened by the 
pectmate muscle, to the left it is smooth This smooth part is the 


5 His Anatomie menschlieher Embryonen, Leipzig, 1880, p 148 

6 The terms smus reuniens and smus venosus will be employed inter 
changeably 
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region of the smus lenmens By the comparative anatomical path as 
pnrsned by Keith and Black, 7 the sinus m the adnlt mammalian heart 
has been found to have practically the same contour These investigators 
also state that m the mammalian heart the greater pait of the sinus is 
submerged by an overgrowth of muscular tissue of other regions. Accord- 
ing to Keith and Black, "two parts only are left exposed on the surface 
of the heait (1) the musculature of the superior vena cava, ( 2 ) the 
museulatuie of the coronary smus 33 

We may therefore conclude that m the mammalian heart the rem- 
nants of the smus venosus are to be found m an extensive area of the 
right auricle Roughly, this aiea may be said to occupy the region 
between and including the superior vena cava above and the coionary 



Fig 2 — Mammalian heart Diagrammatic Figures 1 and 2 are drawn to 
show schematically the probable homologies of the cold-blooded and warm- 
blooded hearts 

smus below, and extending from this legion to the insertion of the 
mteiauncular septum into the aurieulo^entncular junction (Big 2 ) 
The amount of smus tissue persisting is not made clear, presumably 
but little remains. 

In the same paper, Keith and Black descube the structure now known 
as the smus node or the node of Keith and Black This node, owing 
largely to the suggestion thrown out by Keith and Black to the effect 
that m it "the dominating rhythm of the heart normally begins/’ has 
since assumed great prominence m the literature of the subject of impulse 


7 Keith and Flack Jour Anat and Physiol, 1907, xli, 172 
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initiation, whole volumes having alieady been wntten on it Originally 
described as “numerous peculiar muscle fibeis, some nerve cells and 
nerve fibers*’ surrounding the aiiery lying m the smoauncular junction 
and located m the groove teimed by His the sulcus terminalis, this 
node, 01 peiliaps, the so-called specialized tissue of this legion, has with 
further investigation assumed a more definite form, and what is of 
greater significance m the interpretation of the results of experimenta- 
tion, has grown m extent and complexity Thus Koch 8 9 has shown that 
it is club-shaped, a distinct enlargement, known as 4 the head, sending a 
few fine strands back into the angle between the superior cava and the 
light auricular appendix, and a long tapering process downward to 
terminate midway between the superior and mfenoi cavae (Fig 2) 
Tlioiel, 0 on the other hand, descubed not alone a structure of this form, 
but m addition many strands beginning as loops around the supenor 
cava, and extending downward as fai as the coronary smus (Fig 2) 
The fibers of the node communicate freely with the heart muscle fibers 
that surround it It is important to bear m mind that the sinus node 
is not the smus venosus, but is a so-called specialized tissue lying m the 
smo-aui lcular junction 

Although the discussion of the anatomy of the aunculoventricular 
bundle is reserved for the second part of this paper, it is necessary to 
state here that this structure is now believed to be a remnant of the part 
of the primitive heart-tube, known as the eanalis auriculans, which 
unites the smus venosus with the "ventricle* It consequently should be 
termed the smo ventricular instead of the aunculoventricular bundle 

PHYSIOLOGICAL SECTION 

GENERAL LOCALIZATION IN THE MAMMALIAN HEART 

In the past the study of the lieait beat m cold-blooded animals has 
been of inestimable service in the elucidation of the functions of the 
warm-blooded heart Experience of many years has shown that prac- 
tically' all of the findings obtamed from the study of the former can he 
applied with but slight modification to the latter Such knowledge of 
the site of normal impulse initiation as we have gamed from observation 
of the cold-blooded heart should, therefore, be of service to those who 
are now concerned with this problem as it applies to the warm-blooded 
heart In cold-blooded animals the beat starts m the great veins above 
the pomt where they unite with the smus venosus, or if not there, cer- 
tainly not below the smus venosus 10 In view of the picture by Keith 

8 Koch Med Kim , 1911, No 12 

9 Thorel Verhandl d deutsch path Gesellsch , 1910, p 71 

10 Meek and Eyster Am Jour Physiol , 1912, xxxi, 31 
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and Flack indicating that in the turtle’s heart there is at the smo- 
auncular junction a collection of tissue which, closely resembles the sinus 
node of higher animals and seems to be its homologue, we wish to lay 
special stress on the fact that the beat of the turtle’s heart does not 
begin in the smoauncular junction Just what becomes of the gieat 
veins m the evolution of the heart has not, so far as I am aware, been 
determined Presumably they become incorporated with the sinus in the 
wall of the right auricle We should, therefore, expect the beat of the 
mammalian heart to begin m the right auricle in the region of the smus 
venosus, or m the veins opening into it; not at the smoauncular j'unction. 

RHYTHHICITY OF THE EIGHT AUEICLE 

Attention has already been called to the observation of Kysten to 
the effect that the right auricle is the part of the heart of man that 
longest preserves its irritability to the constant current, and that for a 
long time this region was known to be the ultimum monens of the body 
That the right auricle is the most rhythmical part of the mammalian 
heart can be demonstrated m a striking manner by severing functionally 
the right auricle from the rest of the heart, but leaving its nutritive 
connection with the heart for the most part undisturbed When this is 
done the right auricle invariably beats more rapidly than the rest of the 
heart 11 When the functional separation is not quite complete a partial 
block may develop, every other or every third beat of the right auricle 
determining a beat of the rest of the heart 12 It is of interest m this 
connection that the left auricle, when severed from the rest of the heart 
by the same method, usually ceases to beat at once and definitively It 
is therefore obvious that the part of the heart m which the smus venosus 
lies buried, normally determmes the beat of the heart 

EXACT LOCALIZATION IN MAMMALIAN HEART 
GENERAL REMARKS 

In considering the efforts directed toward a more exact localization 
of the site of impulse initiation reference may at once be made to the 
view, which now is widely consideied a demonstrated fact , 13 that the 
smus node of Keith and Flack is the normal pace-maker of the heart 
At the very beginning of the discussion of this subj'eet we wish to call 
attention again to certam a prion consideiations that are opposed to 
this view The smus node lies m the smoauncular junction, if it is 

11 Fredencq Acad roy de Belg Bull de la cl ec, 1901, p 126, ref Arch 
internal de physiol , 1912, xn, 109, Erlanger and Blackman Am Jour Physiol, 
1907, xix, 125 

12 Erlanger and Blackman Am Jour Physiol , 1907, xix, 125 

13 See, for example, Howell, Text-Book of Physiology, Phila, 1911, Ed. 4 
p 529 
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the pace-maker it would theicfoie follow that m the mammalian heart 
the heat begins in this junction Tins, we have seen, is not the case m 
lowei foims It should be borne m mind, however, that the last word 
has not yet been said with regaid to the anatomy, 01 better perhaps with 
regard to the homologies of the sinus node Accoidmg to Koch’s latest 
descuption, the node m the dog is two 01 moie centimeters long, while 
Tliorel claims that the so-called specialized tissue of this region is not 
confined to the sinus node of Keith and Flack, but occurs m a rather 
extensive area, an aiea, it would seem, that is almost cotermmal with 
the sinus region (Fig 2 ) If the latter view should prove to be correct, 
then to say that impulse initiation is localized m the specialized tissue 
is tantamount to saying that it is localized m the sinus Howevei this 
may be, m the attempts to determine whether 01 not the sinus node is 
the normal pace-maker, practically all imestigators have had before 
them the node as pictured by Koch 

INSPECTION 

The first effort toward a more exact localization of impulse initiation 
m the warm-blooded heart was made by McWilliam 14 in 1888 McWill- 
lam observed that, m the dying heart, spontaneous contractions begin 
either just at the point of union of the great veins with the heart, or 
in the wall of the veins a short distance above this point The same 
method of observation m the hands of other investigators has yielded a 
somewhat similar result Thus m the dying heart of the rabbit, Hermg 16 
found that contraction waves may start m the region of the mouths of 
the two superior cavae, and m the dog’s heart 10 usually at the mouth of 
the superior vena cava, occasional^, however, at the mouth of the 
inferior vena cava Fredericq 17 finds that m the dog the impulse staits 
m the right aunele between the two cavae I have often watched for 
the spot from which the last or the first impulse starts in the dying or 
revivmg heart, respectively, of mammals , 12 but have never succeeded m 
making a finer localization than to the region of the great veins as a 
whole Finally Koch has concluded from observations on the hearts of 
still-born human fetuses that the beat starts m the coronary sinus It 
is, therefore, obvious that inspection of the fheart certainly locates the 
site of impulse initiation in the region of the sinus venosus, possibly 
nearer to the supenor than to the inferior cava A finer localization by 
this method does not seem to be possible It should be borne m mind, 
however, that the logic of this method of determining the normal cardio- 
motor area is not entirely clear It serves to locate the most viable parts 

14 McWilliam Join Physiol , 1888, ix, 107 

15 Hermg Pfluger’s Arch f d ges Physiol , 1900, Ixxxn, 21 

16 Hermg Munchen med Wchnschr , 1909, Ivi, 845 

17 Fredericq Arch internet de physiol , 1906, iv, 60 
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of the heart, not those possessing the highest rate of rhythm, which, after 
all has been said, is the property that determines the seat of origin of 
the contraction wave 

RHYTHMICITY OP DIFFERENT REGIONS OF THE RIGHT AURICLE AS DETER- 
MINED BY EXCISION AND BY STRIPS 

The above-mentioned experiments show that the most highly rhyth- 
mical portion of the heart is the right anricle Are all parts of this 
region equally rhythmical, or are certain parts moie rhythmical than 
others ? By excismg in various ways various parts of the auricles of the 
perfused cat’s heart and noting the effect on the heart rate, it was 
shown 12 m 1907 that the region of the great veins probably possesses 
the highest grade of rhythmicity, but that the rhythm of this region 
exceeds but little that of the coronary sinus region It was pointed out, 
however, that this method is open to the objection that the cuts, by 
altering the distribution of the perfusion fluid to the several parts of the 
auricles, might have altered the rhythmicity of neighbormg paits Three 
years later it was discovered that strips of the cat’s, rabbit’s and dog’s 
auricle, when excised, placed m a bath of Locke’s solution, and occa- 
sionally stimulated tetanically, would give a beautiful series of beats, 
and for hours, provided, however, that the strips contained tissue from 
that region of the right auricle which approximately coincides with the 
sinus reuniens of His 18 These experiments furnish further evidence m 
favor of the view that the beat is initiated m the sinus region But 
what is of greater significance to the present discussion is the observa- 
tion made by the aid of this method that the regions of the superior 
vena cava, of the inferior vena cava and of the coronary sinus possess 
approximately the same grade of rhythmicity Within the last few 
months this observation has been completely confirmed by Moorhouse, 10 
who, m addition, has controlled his experiments by exactly localizing the 
sinus node by means of serial sections His experiments show m a 
striking manner that a strip containing the smus node as compared with 
strips made from the auncle just below the node or just posterior to the 
node, is far fiom exhibiting a constant predominance of rate 

Furthermore, it has been found that stimulation of auricular strips 
frequently is followed by an acceleration of the rate of their beat 12 Such 
an acceleration is obtained, however, only when the part of the strip 
stimulated is from the smus region of the heart In their analyses of 
the functions of the various parts of the cold-blooded heart, Gaskell, 
Engelmann, MeWilliam and others, lay the greatest stress on this reac- 
tion of heait muscle to stimulation, maintaining that it is characteristic 

IS Erlanger Am Jour Physiol , 1910, xmi, 87 

19 Moorhouse Am Jour Physiol , 1912, xxx, 358 
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of liiglily rhytliraical tissues Howei er this may be, it cannot be without 
interest that m the mammalian heart this response is obtained, not alone 
from the region of the smus node, but from the whole of the sinus region 

EVIDENCE rURNISHED BY ACTION OF DRUGS ON STRIPS 

Inasmuch as a great deal of stress is laid in this paper on evidence 
furnished by ships of the auricles beating in Locke’s solution, it is of 
prime importance to piove that such evidence is valid In the case of 
the cold-blooded lieait, strips ha\e for many jears been employed for the 
purpose of detei mining the pioperties of the \anous parts of the heart, 
and of interpreting the response of the heart to stimuli of all kinds So 
far as I am awaie, all of the material thus obtained has been accepted 
by ph) siologists without question as applying to the whole heart Never- 
theless we must be prepared to show that mammalian strips do react as 
does normal heart muscle Moorhouse is now engaged in an effort to 
gather evidence bearing on this question His mam method is to study 
the behavior of strips when bathed m Locke’s solution to which various 
of the so-called heart drugs are from time to time added Although this 
research is not yet completed, it ,1ms proceeded far enough to justify the 
statement that the strips containing smus tissue respond exactly as does 
the whole heart to drugs which aie supposed to act on muscm tissue as 
well as on the nervous tissue Of the latter group, nicotm, which is 
supposed first to stimulate and then to paralyze the terminals of pre- 
ganglionic fibers (inhibitor} 1 - fibers here) first inhibits and subsequently 
accelerates the strips just as it does the whole isolated heart Pilocarpm, 
which slows the whole heart presumably by stimulating the vagus ter- 
minals m the heart muscle, also slows the strips, and this action can be 
prevented as m the whole heart by atropm Atropm given alone causes 
the well-known acceleration by paralyzing the vagus terminals, and 
epinephrm causes the usual acceleration, presumably by stimulating the 
accelerator terminals in the muscle Of the drugs whose prime action 
presumably is on muscular tissue, all that have been tried, namely, caffein, 
the digitalis group and acomte, increase the rate of the beat and the tone 
of strips as well as of the whole heart There can be no doubt, therefore, 
that the auricular strips behave like peifectly normal intact auricles 
Great emphasis has been laid by all writers who have dealt with the 
histology of the nodes, on the presence m them of what is termed 
specialized tissue The nodes have peculiar histological characteristics, 
which are designated “embryonic” It is assumed by many of these 
writers that “embryonic” tissue is more rhythmical than other heart 
tissue, and that consequently the nodes are the motor centers of t e 
heart Now to come to the point, if this tissue is specialized in e 
direction of rhythmicity, the smus node, or the strip containing i , 
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should not alone be more rhythmical than companion strips containing 
no nodal tissue, which we have seen is not the case, hut m addition it 
should show a specialized lesponse to the heart drugs It has been found 
by Moorhouse, howevei, that if there is any difference at all m the 
behavior of the stups toward the drugs above mentioned, it is m the 
direction of greater rhythmicity on the part of the companion sinus 
stups, not the nodal strip We may, therefore, conclude with the state- 
ment that if it should eventually be pioved that the smus node is the 
motoi center of the heait it would not have this function by virtue of 
its rhythmical properties 

SIGNIFICANCE OF SLOWING AND STOPPAGE FROM EXCISION OF 

THE SINUS REUNIENS 

Another method extensively employed m the effort to localize the 
pace-maker of the heart has been to determine whether or not there is a 
definite and fixed area, excision of which invariably stops the heart, 01 
permanently slows its late The interesting results that this method has 
yielded have usually been applied to the problem m hand without beaiing 
m mind all of the possibilities m the case It is appi eciated that the 
most plausible explanation of loss of activity following removal of a 
part of an OTgan is that the part removed determines that activity, 
nevertheless, this is by no means the only explanation, it is conceivable, 
for instance, that such a removal may lesult m the establishment of a 
block between a region of high and of low rhythmicity under which cir- 
cumstances the latter region, as is well known, will temporarily stop 
beating and then, after the awakening of its inherent rhythmicity, begin 
to beat again, though moie slowly than before It is also conceivable that 
as a lesult of injury or of partial removal, the function of the parts 
remaining may be alteied or annulled temporarily for reasons that at 
piesent aie not entirely clear The cential nervous system offers inter- 
esting and familiar examples of temporary loss of activity m parts not 
directly injured or removed Thus, immediately after the onset of hem- 
iplegia, all of the undertying reflexes are abolished, the paralysis is 
flaccid, soon, howevei, the leflexes return and the paralysis then becomes 
spastic 

The heait itself offers a familial instance of the unde-spread, and at 
present inexplicable, effect of local mjuiy 01 stimulation It is a well- 
known fact that momentary stimulation of any pomt on the auricles or 
on the lentricles may tlnow the whole of the corresponding chambers 
into fibrillation It has been shown by Garrey 20 that this con tin ued 
incoordination is not due to any influence emanating primarily from the 
site stimulated Tor if the area that vas stimulated be excised while 


20 Verbal communication 
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fibrillation is continuing, the mcooi<l mation of the licait does not stop, 
whereas the aiea excised, name!), the one that was stimulated, maj at 
once cease to fibnllate 

With tins analysis m mind we may review fust the results on the 
late of the heart beat of excision of the sinus legion and of the smus 
node Excision of the "whole sinus region is m effect the first ligature 
of Stannius, by which the smus of the frog’s lieai t is functionally 
separated fiom the rest of the heart In this experiment, it will be 
lecalled, the smus continues to beat, whereas the subjacent parts cease 
beating foi some time When etentually the distal parts begin to beat 
it is usually with normal sequence and a slow’ rate It is obvious that, 
ownng to the complete fusion of the smus with the auricle, the exact 
repetition of this experiment is not possible in mammals For to remme 
all smus tissue w'ould mvohe removing practicall) all of the right auricle, 
with the exception of the appendix and neighboimg tissue, dowm to and 
including the beginning of the aunculoventricular bundle The Stannius 
expel iment has, however, been appioximated m mammals In 1907 
it was shown 11 * 12 that m the dog's heart in situ clamping off of all of the 
region of the great a ems until a specially devised clamp may result m a 
tempoiary stoppage of the lieai t, and occasionally peihaps a persisting 
slight slowung of the heait rate In the perfused heart it way shown that 
excision of this region frequentl}, although by no means mvanablv, 
results m transitory stoppage of the pnits of the heart below it, which, 
after lecovery, usually beat at a pcimanently slowed rate 21 These experi- 
ments were performed before the node of Keith and Flack w r as described , 
there is not the slightest doubt, however, but that the smus node was 
invariably included m the tissue lemoved It happens not infrequently 
that this operation is followed by the disappearance of the as-vs pause, 
the auricles and ventucles contracting synchronously instead of m 
sequence But of this particular subject more later 


ni’SULTS of excision of the node 

Since the node was descubed m 1907, attention has been directed to 
the effects of removing the legion containing it alone, as compared with 
the removal of other legions The lesults reported seem to be nio=t 
inconstant Flack, 22 one of the discoveiers of the node, and Jager,- 
expei imenting with the dog’s and cat’s lieai ts hearts m situ , report totally 
negative results wdien the nodal legion is excised or destioyed by heat 
These experiments were carefully conti oiled by histological examination 


21 This result differs materially from that previously repoited v an F 
doiff and Lehmann (Arch f d ges Physiol, 1906, Kn, 362) but has een a 
dantly confirmed by others 

22 Flack Arch mternat de physiol , 1911, vi, 111 

23 J iger Deutsch Arch f him Med , 1910, c, 1 
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Magnus-Alsleben 24 also reports totally negative results in the perfused 
heart oi the rahbit Lohmann 25 applied formaldehyd solution to the 
region of the node and obtained a slowing of the heart rate It is 
scarcely necessary to call attention to the obvious difficulty of localizing 
the effects so produced Brandenburg and Hoffmann 20 have attempted 
the isolation of the nodal region by means of cold They state that when 
this region is thus isolated there is always a sudden change in. the rate 
and sequence of the heart beat Their article is, however, full of state- 
ments which scarcely can be reconciled with their conclusions Bor 
instance, they state that injury to the auricles may cause other parts of 
the auricles to become the pace-maker One is inclined to ask the ques- 
tion Does this not provide them with a means of accounting for excep- 
tions to the rule 9 It is for the purpose of avoiding injury to the auricles 
that they use cold to isolate the various regions of the auricles, despite 
this fact, they find that if the sinus node be isolated on three sides of a 
quadrangle by means of cuts, cooling of the node still causes the changes 
m rate mentioned above Why, one might ask, do not the parts of the 
auricle injured by the cuts in this case now determine the beat of the 
heart 9 

Quite recently Cohn and Kessel , 27 working with the perfused dog’s 
heart, stated m a preliminary note that the last of four cuts removing 
a rectangular aiea containing the sinus node always causes stoppage with 
subsequent slowing, or at least subsequent slowing of the auricles, which 
never regain their former lapidity, that when the excision of the node 
is incomplete no change in rate results They consequently conclude 
that the node is the pace-makei of the heart In view of the obvious 
differences between these results and those obtained by myself working 
with Blackman, the experiments of Cohn and Kessel were repeated with 
certain modifications by Moorhouse 19 Moorhouse studied the reaction 
of the perfused dog’s heart after excision of two rectangular strips, one 
(a) containing the sinus node, the other (b) immediately below this, 
but still a part of the sinus reumens. Fifty experiments m all were 
made, all with the greatest of care and with exacting controls Inas- 
much as the results obtained were almost identical m the case of strips 
(a), and (b) the conclusion was reached that there is a balance of 
rhythmical power through the caval portion of the sinus region The 
nodal region is not moie rhythmical than neighboring regions of the 
sinus reumens 


24 Magnus-Alsleben Arch f exper Pathol u Pharmakol , 1911, Ixiv, 228 

25 Lohmann Arch f d ges Phvsiol , 190S, cxxm, 628 

26 Brandenburg and Hoffmann Med Klin , 1912, vm, 16 

27 Cohn and Kessel The Abchives I>*t SIed , 1911, vn, 226 
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The final leporl of Colm, Kessel and Mason 28 then appeared It 
profoundly modified then preliminary statement, m that positive results, 
namely, stoppage and slowing of the aulieles, were obtained m but 80 per 
cent to 90 per cent of the expenments Noth with standing these negative 
results they still are of the opinion that their experiments prove the 
sinus node to be the pace-maker of the heait In view, however, of the 
fact that exactly the same insults are obtained and just as frequently 
when a square of tissue below the sinus node is excised as when a square 
of tissue containing the sinus node is excised, experiments of this kind 
cannot be said to prove the specificity of the sinus node m the matter of 
impulse initiation 

EVIDENCE FROM WARMING AND COOLING 

Another method that has been used foi the purpose of locating the 
pace-maker of the heait has been to determine the area, warming or 
cooling of which will alter the rate of the whole noimally beating heart 
This method was first employed m the study of the mammalian heait 
by McWilliam 14 m 1888 McWilliam states that “the application of 
slight heat locally to the terminal part of the vena cava superior gives a 
very marked acceleration m the rhythm of the whole heart A similar 
slight local heating of the ventucular apex oi any part of the ventricular 
substance gives no change m cardiac rate ” No further details are given, 
so that the readei is left to infer whether or not McWilliam tested the 
effect of temperatuie on other parts of the auncles than the superior 
vena cava However tins may be, McWilliam’s final conclusion is that 
m the cat and the dog the usual origin of contraction is m the venous 
wall In 1905, Adam, 23 working m LangendorfFs laboratory, reinvesti- 
gated this subject and found that localized moderate warming and cool- 
ing altered the heait rate only in an aiea lying between the mouths of 
the two cavae and extending m the form of a triangle to the base of the 
auricle The most sensitive spot lay between the two veins, somewhat 
nearer to the lower Now, aftei the disco veiy of the smus node, the ^ 
same method m the hands of Ganter and Zahn 30 leveals that the nodal 
region, as delimited by Koch, alone is sensitive to temperature changes, 
the region overlying the thickest part of the node being the most sensi- 
tive spot Brandenburg and Hoffmann 20 have obtained practically the 
same results Ganter and Zahn and Brandenburg and Hoffmann, of 
course, conclude that the node is the normal pace-maker The former 
investigators suggest a curious hypothesis to account for their observa 
tion that one part of the node may be more sensitive than others It is 

28 Cohn, Kessel and Mason Heart, 1912, in, 311 

29 Adam Pfluger’s Arch f d ges Physiol , 1906, cxi, 607 

30 Ganter and Zahn Pfliiger’s Arch f d ges Physiol , 1912, cxlv, 336 
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obvious, therefore, that the method of warming and cooling also gives 
results that seem mconstant By it the rate of the heart may be affected 
over the terminal portion of the superior cava, over the node and near 
the inferior cava The results are, however, consistent m this respect, 
namely, that they have been obtained only within the limits of the sinus 
reumens Those who have employed the temperature method have over- 
looked one consideration which may prove to be of considerable impor- 
tance, namely, the accessibility of the region of the sinus reumens to 
the thermods employed Both His and Keith and Black 7 explicitly state, 
it will be recalled, that m the mammalian heart nearly all of the sinus 
recedes from the surface of the heart To say the least, it is a rather 
remarkable coincidence that m the hands of recent mvestigators only 
the two regions that presumably remain at the surface of the auricles 
are affected by moderate temperature changes 

EVIDENCE FROM ELECTRO C AUDIO GRAPHIC STUDIES 

Lewis 81 has recently shown that the action current of beats of the 
auricles of the dog’s heart determined by electrical stimulation of various 
points on the surface of the auricles resembles m form the normal action 
current only when the point stimulated is m the vicinity of the sinus 
node This observation is considered as almost final proof that the 
impulse normally starts from the smus node The interpretation of 
Lewis’ results, however, is not as simple as it may seem. It is necessary 
to bear m mind, for instance, that possibly this is one of the regions 
where piimitive smus tissue appears on the surface of the auricles Is 
it not also possible that the impulse is so conducted through the auricle, 
owing either to the existence of definite paths, or to the thickness of the 
tissue, which m the region of the smus node is comparatively great, that 
the smus node region becomes negative electrically before other parts 
of the auricles p But there is still another possibility which an analysis 
of Leins’ results seems almost to substantiate 

The discussion of this possibility is begun with the assumption that 
the impulse which causes the heart to beat starts m the smus venosus 
and ciosses the smoauncular junction into the auricles at the most 
accessible point Reference to the diagram (Pig 2) shows that tins 
point is just about where the smus node lies How the amplitude of 
electrical changes associated with activity is largely dependent on the 
mass of tissue leactmg The smus venosus m the cold-blooded heart is 
relain ely large, yet even when the electrodes are placed directly on it 
the deflection shown by the string galvanometer is relatively small 
Samoiloff. 82 for instance, does not seem to picture a smus action current 

31 Lewis Heirt 1910-11 n, 23 

32 SamoilofT Pfihger’s Arcli f d ges Physiol , 1910 cxxx v, 417 
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in Ins extensive study of the f log’s heait The smus of the mammalian 
heart probably contains much less tissue relatively than that of the cold T 
blooded heart The action current of the former should consequently be 
correspondingly smallei It is, theiefore, not surprising that as yet no 
one has obtained a wave on the electrocardiogram of warm-blooded 
animals assignable to activity of the smus 

Beaung m mind these assumptions an analysis of Lewis’ results 
icveals the following In all cases m which the contraction was evoked 
by a stimulus placed immediately over the smoauricular junction (smus 
node) or anywhere on the superior vena cava side of it, the P wave 
obtained, that is, the ware of auncular activity, closely approximates the 
P wave of the normal heart beat In other words the curve is normal 
when it is started at the place where the impulse normally enters the 
auricle, or at some point on the smus above this place It is abnormal 
when it is started on the aunele or possibly on the smus below the point 
at which it normally enters the heart Lewis’ experiments indicate, 
therefore, that the impulses pass into the auricle by way of the smo- 
auricular junction , they do not foice us to the conclusion that the smus 
node is the pace-maker 

The foregoing discussion also might serve to account for the observa- 
tion of Lewis, Oppenheimer and Oppenheimer 33 and of Wjbauw , 34 that 
as a rule the point on the aunele first to become electronegative lies 
approximately over the region of the smus node For if the tissue of the 
smus is small m amount, and for the most pait submerged m the sur- 
rounding tissue, the point first to become negative would be the place 
where the impulse passes fiom the smus into the aunele It should also 
be mentioned that the points of pnmary negativity, as determined m 
these two investigations, do not exactly coincide Fuithermore, both 
record exceptions to the lule These exceptions the authors consider of no 
significance Yet to us it is obvious that if the smus node has the specific 
function of starting the beat of the heart it should be possible to show 
that under normal circumstances it invariably performs this function 
This the electrocardiographic studies have failed to demonstrate 

SIGNIFICANCE OF NODAL RHYTHM 

We have thus far purposely omitted the discussion of a result very 
commonly obtained m experiments on the smus legion of the auricles, 
namely, a change m the sequence of the auncular and ventricular beats 
This change consists m a shortening of the aunculoventricular interval, 
or, more usually, m the actual disappearance of this intei val, the auricles 
and ventricles contracting at almost exactly the same moment The 

33 Lewis, Oppenheimer and Oppenheimer Heart, 1910-11, n, 147 

34 Wybauw Arch mternat de physiol , 1910, x, 78 
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term nodal rhythm has been applied to this type of beat. It may appear 
suddenly or, occasionally, gradually after operations on the sinus region 
of the heart. It is assumed by those who consider the nodes of Keith 
and Mack and of Tawara the most highly rhythmical regions of the 
heart, that the synchronous a-v beat is the result of the usurpation by 
the auricular node of the function of setting the pace of the heart when 
the more highly rhythmical emus node is excised Inasmuch a3 the 
tissue of the auricular node resembles somewhat that of the sinus node, 
this change m the character of the beat is considered clear proof of the 
specialization of the so-called nodal tissue in the direction of xhythmicity. 
The argument leading to this conclusion, it will be seen, is based on two 
propositions, namely, first, that the removal of the smus node always 
results in the transfer of impulse initiation to the auricular node, and, 
second, that during the so-called nodal rhythm the impulse starts m the 
auricular node. In either of these propositions has as yet been proved. 
The first proposition is by no means a fact. 

It is true that extensive removal of auricular tissue, such, for example, 
as the liberal excision of much of the tissue in the smus region m the 
perfused heart 12 very frequently is followed by synchronous contractions 
of the auncles and ventricles But simple excision of the sinus node 
alone rarely results in the appearance of nodal rhythm, and even when 
it does occur it may be only transitory, the normal or almost normal 
sequence often returning after a longer or shorter period of nodal 
rhythm Kodal rhythm was but rarely seen in the experiments of Jaeger, 
Flack, Magnus-Alsleben, Cohn and Kessel, Moorhouse, etc. On the other 
hand, it is claimed that the abolition of the functional activity of the 
region of the smus node by means of cold almost invariably produces 
nodal rhytm One cannot help but feel, however, that the temperature 
effects were not as nicely localized as it is believed they were Be that 
as it may, a perusal of the reports of these experiments shows clearly 
that removal of the sinus node by cold does not always result in nodal 
rhythm. Thus Ganter and Zahn 30 state that “after stopping the activity 
of the sinus node by means of cold the auricles and ventricles do not 
always beat exactly synchronously The as-vs interval may have a posi- 
tive or negative value” While Brandenburg and Hoffmann 2e state that 
occasionally after removing the smus node by cold or by excision the 
synchronous beats of the auricles and ventricles may be transitory, and 
that the original normal sequence may again return. 

But even if it be admitted for the purpose of argument that the 
auricular node is determining the beat of the chambers while they are 
beating synchronously, it would by no means follow that the auricular 
node normally is more rhythmical than all the rest of the super- 
ventricular parts with the exception of the sinus node Slight not the 
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nodal rhythm be due to a tempoiaiy loss of the reactivity of the whole 
of the auricles, tempoiaiy inhibition, if that teim is prefened, resulting 
from the tampenng with the aulicles, and that until the auricles recovei, 
the auncular node, 01, bettei, the next lover heart segment, determines 
the heait beat It may be added that with the return of the normal 
sequence it can be shown that the auricles aie setting the pace, since 
fui ther operations on the auricles, such as cutting 12 or cooling the region 
of the coronary sinus 35 many again change the sequence It is not entirely 
meleiant to add, m this connection, that auncular stnps containing the 
aunculai node are not neaily so lhythmical as stnps made from other 
parts oi the auncle not alone while the sequence is normal, but eien 
when, as a result of the excision of the great veins, the chambers are 
beating synchronously Thus a companion strip fiom the coronary 
sinus legion made at such a time always beats fastei than the strip 
containing the auncular node 

Heithei has it been proied that dui mg so-called nodal rhythm the 

aunculai node imariably is setting the pace of the heait Indeed, almost 

the onlv obsenation m faior of this new is the fact that the chambers 
*/ 

beat appioxmiatelv simultaneously , 30 wheieas theie is just as good evi- 
dence to show f that at such times the sinus may still be setting the pace 
of the whole heart It has just been mentioned that extensive excision 
of the region of the great veins m the perfused rabbit’s heart often 
results m so-called nodal rhythm In ten consecutive experiments m 
which this occuried the aunculoventncular bundle was cut with a pair 
of scissors The scissois were inserted through the opening made by the 
excision of the veins, one blade on either side of the exposed auricular 
septum dowm into the ventricles A cut thus made m a heait as small as 
the rabbit’s must undoubtedly have mj'ured the node of Tawara Yet 
this cut never slowed the auricles, indeed it usually left their rate entirely 
unchanged, the ventricles on the other hand showed the slowing that 
usually follows section of the bundle of His Be this as it may, there is 
no necessity for limiting explanations of the so-called nodal rhythm to 
the view that it can be produced only by impulses arising in the auricular 
node Indeed, inspection of the progress of the contraction wave in 
cooled hearts at a time when as a result of liberal excision of the great 
veins the auricles and ventricles are beating synchronously, has frequently 
revealed another cause It can be seen in such experiments that the 
conti action wave may start in the region of the coronary sinus, and travel 
so slowly through the neighboring tissues of the auricles that the distant 
auricular appendices contract quite as late as the ventricles Reference 

35 Zalin Zentralbl f Physiol , 1912, xxvi, 495 

36 Brandenburg and Hoffmann and Ganter and Zahn state that cooking or 
wanning the auricular node after excision of the sinus node changes the ra e 
of the beat 
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to Figui e 2 indicates clearly how a cut of this kmd by forcing the impulse 
to travel for a long distance through the auricular canal before it can 
gam access to the auricles might lengthen the smoauncular pause and so 
cause it to approximate the aurieuloventnculaT pause 

Another question suggests itself here., namely, if it is admitted that 
the only two parts of the auricles that have sufficiently high rates of 
rhythm to dominate the rhythm of the auricles are the sinus node and 
the auricular node, how is the fact to be explained that the change from 
the auricular type of beat to the aunculoventncular type fiequently is 
gradual, the aunculoventncular pause shortening slowly until the two 
chambers finally beat together ? 

STOPPAGE PROM INCISION OP THE NODE 

Finally, a word with regard to the significance of stoppage of the 
heart from incision of the node In 1907, Hermg 37 stated that a simple 
incision m the sulcus termmalis, which presumably involved the sinus 
node, stopped completely the beat of the supraventricular parts. This 
lesult was at once hailed by Keith and Flack as proof of their suggestion 
that the smus node is the pace-maker of the heart In the same year 12 
attention was called to the fact that stoppage of the heart often follows 
operations on oi sometimes even a mere touch anywhere on a rather large 
aiea of the auricles, and the view was then expressed that stoppage prob- 
ably occurs only when the part stimulated is at the time determining the 
beat of the heart Irrespective of what may be the fate of this suggestion, 
it is interesting to note that recent work 38 has completely failed to con- 
firm Hermg Incision of the node m the perfused heart of the dog does 
not stop the heart, to the contrary, it accelerates the heart rate 

II LOCALIZATION OF CONDUCTIVITY IN THE HEART 

HISTORICAL s 

In the histoncal introduction to the first part of this paper leference 
was made to the earliest hypotheses that were advanced to account for 
the sequence of the auricles and ventricles We will, therefore, confine 
our attention here to the development of our modern ideas with regard 
to the dependence of the ventricles on the auricles It has been said 
that Kurschner, m 1850, suggested a very complex explanation of the 
dependence of the ventricles on the auricles One part of this explanation 
is of more than passing interest with reference to the topic m hand "It 
is," Kurschner says, "now generally assumed that the musculature of 
the auricles is completely separated from that of the ventricles From 
a study of the tissue composing the valves, I encountered conditions 

37 Hermg P Auger’s Arch f d ges Physiol , 1907, cxvi, 143 

38 See, for instance, Cohn, Kessel and Mason, etc 
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winch are opposed to this view, I found muscle fibers extending from 
the auricle over into the valves” In attempting to account for the 
sequence of the heart beat he then proceeds to say 

The anatomical conditions of the heart are indeed such that a measurable 
interval of time can elapse between the contraction of the auricles and of the 
ventricles The muscle fibers which pass from auricle into the venous valves con- 
tain the organic basis of tins phenomenon They cannot contract without 

supplying a stimulus to the -ventricles The contraction of the auricles must, 
therefore, determine the contraction of the -ventricles 

Obviously, Kwrsehncr might be said to have been the first investigator 
to have shown that "the musculature of the auricles is not completely 
separated fiom that of the 'ventricles” There are, however, two all- 
important differences between Kurschnei’s point of Mew and the accepted 
point of uew' of to-day Although the vahe musculature is described by 
Kuxschner as extending over the auriculoventricular junction, it is not 
m the location of the connecting muscle band, as we now know it, nor 
does the valve musculature fuse with the musculature of the ventricles 

Over a quarter of a century later, m 1876, we find recorded what 
has developed mto the second claim to the demonstration of the crossing 
of the musculature of the auricles into the -ventricles In that year 
Paladino 30 wrote as follows: 

The muscle lajer of the sinus or auricle where it reaches the level of the 
auriculoventricular orifice loses the external circular layer of fibers, winch stop, 
and is continued by the longitudinal fibers and the middle circular fibers down- 
ward to the interior of the valve leaflets Of these fibers, the longitudinal 

terminate m the tendons of the second and third order And some tendons 

pass directly upon the icalls of the 'ventricles, where by means of flattened muscle 
bundles, which are inserted upon the valve leaflets, they hreah up into small 
tendons 

In 1910, Paladmo, on the basis of passages similar to the one quoted 
above, pleads to have his name connected with that of the discoverer of 
the auriculoventricular bundle, as having demonstrated a muscular con- 
nection between the auricles and ventricles As a matter of fact, a few 
authors have actually heeded this plea It is obvious, however, that the 
criticism we have applied to Kurschner’s work applies with equal force 
to the work of Paladino , 30 * 17 no discrete definitely localized bundle is 
described, but rather scattered bundles in the valves, and there is no 
fusion of muscle bundles with the musculature of the ventricles 

In 1892-3, there appeared two articles by Kent, 40 which seem to 
represent the first of the recent attempts to determine whether or not the 
musculature of the auricles and of the ventricles are completely separated 

39 Paladmo Arch ital d biol , 1910, lm, 47 

40 Kent Proc Pbysiol Soc Nov 12, 1892, and Jour of Physiol , 1893, xiv, 
233 
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by connective tissue Owing to the existence of some difference of opin- 
ion as to the exact significance of Kent’s work m the development of this 
subject , 41 his results will be given as nearly as possible m his own words. 
In the adult animal (rat) a . . connecting sheet of muscle . . . 

is met with over a considerable area of the a-v groove; thus it may be 
mentioned that frequently m a single coronal section the connection may 
be seen between the outer (left) wall of the left ventricle and the left 
auricle, between the septum ventneulorum and the auricle, and between 
the right wall of the right ventricle and the right auricle ” Describing 
a coronal section passing through the junction of the left auncle with 
the left ventricle of the heart of the newly-born rat, Kent says : 

at about the center of the isthmus 42 the auricular fibers are seen to 
sweep freely down into the substance of the ventricular wall ” “In the young 
rabbit of two days old auricular fibers are seen sweeping down to the 

outer side of the fibrous ring, and become continuous with bundles belonging to 
the ventricular system The connection also exists on the right side of the heart 
. and also in the septum to the right side of the ring bearing the mitral 

valve ” In the monkey “the fibrous ring has attained a very perfect development 
and it is only here and there that places can be found to show the passage of 
muscular fibers across the groove 

ANATOMY OF THE AUBICULOVENTItlCULAIt BUNDLE 

In 1893, IIis called attention to the existence m the heart of a number 
of mammals of a single muscle bundle located in the posterior part of 
the septum and extending across the aunculo ventricular junction 
obliquely from above and behind, downward and forward In a review 
written m 1899, His 43 correctly Tefers to the bearing of Kent’s work on 
his m the following terms: 

In man, indeed in mammals in general, a layer of connective tissue grows in 
between the muscle walls of the ventricles and auricles and separates these parts 
almost completely Nevertheless muscle fibers have been found m this layer 
(Stanley Kent) and I myself have demonstrated a bundle present m mammals as 
well as m man, which passes from the posterior wall of the right auricle down to 
the ventricular septum 

While the existence of this smgle bundle, now usually and correctly 
designated the bundle of His , 17 has since been abundantly confirmed, the 
more recent work by Humblet, Betzer, Breaunig, Tawara, etc , has added 
much to His’ origmal description Much more, although not enough yet, 
is now known of its origin in the auricles, of its mode of determination 
m the ventricles and of the histology of its various parts Overlooking 

41 Meltzer Med Kec , New York, 1909, May 22, p 873; also Nov 27, p 914 

42 It should be noted that the term “isthmus” as used here could not and 
was not by Kent intended to be synonymous with septum, since the section is 
from the junction of the left auricle with the left ventricle Compare with 
Meltzer, loc cit , note 41 

43 His Deutsch Arch f khn Med , 1S99, lxiv, 316 
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for the present ceitain details on u Inch opinion is as yet divided, the 
system connecting the auncles with the ventncles may be descnbed 
briefly as follows 

It begins m the auricle in the postenoi pait of the septum, just above 
the auriculoventiicular junction, and just antenor to and m the flooi 
of the coronaiy smus Some authors describe a veiy close connection 
between the node and the aunculai tissue According to Cohn, 41 foi 
example, it would seem that there is a general transition of auricular 
fibeis into the chaiactenstic nodal fibeis The numbei of fibers forming 
the connection, however, lanes “There may be a great many, closely 
packed together, the strands sepaiated b) masses of connective tissue, 
01 there may be but a few' rather thinner fibers with only delicate con- 
neetne tissue strands between ’ The node of Tawaia, into w'lnch these 
stiands flow, is composed of chaiactenstic blanching and anastomosing 
cells winch possiblj w ere seen by Kent Be) ond the node the bundle, now 
compact and slender and taking on the chaiactenstics of Purkmje cells, 
crosses the auriculoventncular junction and, continuing its course down- 
ward and fonvai d, comes to lie on the upper edge of the muscular septum 
of the ventricles where it joins with the membranous part The sub- 
sequent course of the conducting system is probably familiar to all It 
can be best and indeed sti ikingl) demonstrated by means of the injection 
method of Lliamon 45 Lhamon has sliowm that when a coloied injection 
fluid is forced through a hypodeimie needle into the conducting system 
it will, owung to the connective tissue sheath, remain m that system and 
flow even into its ultimate branches It is thus possible to make very 
evident the division of the mam bundle into two limbs, a right and a 
left, the subendocardial course of these limbs down the respective sides 
of the ventricular septum, their branching into secondary twigs, some 
of which pass by way of the false tendons cross the cavities of the ven- 
tricles to the papillary muscles, and their further branching into an 
anastomosing network, the ultimate fasciculi of which dip down into the 
myocardium, and gradually change into fibers of the ventricular type 
the individual fibers eventually terminating m a most interesting way 
in the conical point of a fasciculus of heart muscle 

Comparative anatomy and embryology, too, have added much to the 
significance of the His-Tawara system Keith and Black, m 1907, 
showed that m the simplest form of vertebrate heart a, portion of the 
auricular canal, that part of the heart which m primitive forms joins the 
smus With the ventricle, extends down into, or is mvagmated into the 
ventricles This mvagmated part forms an isolated layer beneath the 
auriculoventncular valves It is assumed m the primitive mammalian 


44 Cohn Heart, 1909 10, i, 172 

45 Lliamon Am Jour Anat , 1912, xm, 55 
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heart that complete muscular connection between the auricles and ven- 
tricles exists around the whole aunculoventneular junction As we 
ascend the animal scale, however, the mvagmated portion of the auricular 
canal is encroached on more and more by the growth of connective tissue, 
until there is left only a small pait of this museulatuie, it foims the 
aunculoventneular bundle However, in certain animals, the rat, for 
example, auricular and ventricular fibers appear to come into close 
apposition in othei places, especially m the right lateial aunculo- 
ventncular region This, Keith and Flack venture to suggest, represents 
“one of the connections described by Stanley Kent This close apposi- 
tion, however, cannot be looked on as a connection, the aunculoven- 
tricular bundle is to be regarded as the sole connection between the 
auricular canal and the ventricle ” 

Mall 40 has studied the development of the aunculoventneular bundle 
m human embryos At very early stages (embryo 3 9 mm ) the auricular 
canal foims a complete muscular connection between the smus and the 
ventricle Soon, however, as the result of the formation of subendo- 
caidial cushions of connective tissue, this ring becomes separated into 
a number of bundles, amongst which can be recognized at this time one 
occupying the same position and course as the aunculoventneular bundle 
in the adult “The additional strips,” Mall says, “may be of significance 
m view of Romberg’s and Kent’s observation ” Kent found such bundles 
m the left wall of the heart as well as in the right wall in rats and 
rabbits It is possible that some of these strips may be constant, or they 
may be variations “At any rate,” he goes on to say, “their presence has 
not been establshed as has the atrioventricular bundle of His” The 
aunculoventneular bundle, consequently, is not a structuie of recent 
development, rather, it is a part of the wall of the primitive tube from 
which the heart is evolved This fact, as has been said, should have some 
weight m inf erring the function of the bundle from its structure , despite 
the great changes m, and the apparent complication of, the adult mam- 
malian heart, it still preserves its primitive arrangement 

PHYSIOLOGY OF THE AURICULOVENTRICULAp BUNDLE 

\' 

Considering now the physiological aspects of the problem of localizing 
conduction from auricles to ventricles m the warm-blooded heart, the 
view which held sway previous to 1893 practically universally was that 
the correlation of the work of the auricles and ventricles was affected 
through nerves crossing the aunculoventneular junction An excellent 
idea of the point of view held by the physiologists of this period may be 
conveyed by a quotation from an article by Tigerstedt 47 m which are 

46 Mali Am Jour Anat , 1912, xni, 2S4 

47 Tigerstedt Arcli f Physiol , 1884, p 497 
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recorded the results of severing completely by means of a cut the con- 
nection of the auncles with the ventricles m the rabbit’s heart In order 
to make this quotation clear, it should be preceded by the statement 
that m the previous year Wooldridge'* 8 had accomplished the same sepa- 
ration by means of a mass ligature, with the result that the auricles and 
i entrieles contracted independently of each other Tigerstedt says . 

Wooldridge in dogs nnd cats performed the experiment of severing the nervous 
connection [italics ours] between the auricles nnd ventricles, that is to say ho 
made the Stnnnius experiment on the warm blooded heart 

And again, by waj of introduction to his experiments Tigerstedt says The 
interesting results obtained by Wooldridge by means of Ins ligature made it 
necessary to repeat with more rigorous methods the separation of the nervous 
connections [italics ours] between the ventricles and auricles because it might 
be objected that the ligature failed to dnide all of the none fibers between the 
auricles and icntncles 

This assumption seemed justifiable m view of the prevailing opinion 
that there was no musculai connection between the auricles and 
ventricles 

In the same paper m which Kent described muscular connections m 
various parts of the auiiculoicntrieular junction, mention is made of 
some experiments m which a clamp was applied to the aunculoventricular 
groove of the mammalian heart just as Gaskell had done m the frog’s 
heart Kent states without giving the recoids “that almost precisely 
similar results [to those of Gaskell] were obtained ” It may, therefore, 
be assumed that he obtained with this clamp the various stages of partial 
and complete block The experiments of Wooldridge, Tigerstedt and 
Kent, therefore, demonstrate conclusively that m the mammalian heart 
the impulse which causes the ventricles to beat arises m the auricles and 
crosses the aunculoventricular junction, the old view that the sequence 
is due to stimulation by the blood is disproved Shortly after His 49 
described the muscular bundle that bears his name, he read before the 
Physiological Congress a paper describing the results of cutting this 
bundle Ho final report of these experiments has ever appeared, and it 
was not until the bundle of His was redescribed m 1904 by Retzer, by 
Breaumg and by Humblet that the attention of physiologists was 
attracted to this structure * Then Humblet 00 showed, as bad been shown 
by His, that section of practically nothing but the bundle in the perfused 
heart results m complete dissociation of the auncles and ventricles A 
year later the same observation was made by Hering, 51 also m the per- 
fused heart Simultaneously the results were published of compressing 
in a specially devised clamp practically nothing but the His bundle in 

48 Wooldridge Arch f Physiol , 1883, p 622 

49 His Zentralbl f Physiol , 1895, ix, 469 

50 Humblet Arch lnternat d physiol , 1904, c, 278 

51 Hering PfHiger’s Arch f d ges Physiol , 1905, evil, 97 
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the heait in siiu 52 The results tlms obtained vote similar to those fol- 
lowing compression m a clamp of all of the anricnlo ventricular junction 
in both cold and warm-blooded animals These results have since been 
abundantly confirmed. Piactreally the only conflicting evidence conies 
fiom the Bern laboratorv. Lomakina 5 " says that dissociation of the 
auricles and ventricles can be obtained by dividing the superficial maeio- 
scopic nerves m the auriculoi entnenlai groove This result has not 
been confirmed Panknl M and Kroneckei 55 state that crushing the anno- 
nloventriculai bundle m labbits does not block the passage of the 
impulse into the lentucles Cohn and Tiendelenbnrg 56 have olTeied what 
seems to be a plausible explanation of this anomalous result. They have 
found that in the labbit the bundle may not pass into the ventricle as a 
single strand, but may divide into seteial stiands which spread out after 
the fashion of a fan They suggest that some of these hi .inches probablv 
escaped inclusion m the ligatme as placed by Paukul and ICroneeker, 
We ate, therefore, justified in asset ting that expci mients of the kind thus 
far described prote that the only functional connection between the 
amides and ventricles is by wav of the His bundle 

It is not, however, umeasonable to maintain that other connections 
exist, such, for example, as weie dcsctibcd by Ivcnt. that under oidmary 
circumstances such other connections are dormant, and that in the 
course of the few houis the heart is under observation in oxpei intents as 
ordinal fly perfonned these connections cannot develop then activity 
sufficiently to peiform ucanously the function of the His bundle This 
objection seems to be met by those instances of chronic heart-block in 
man, m which a lesion, 11101c or less aceuraieh limited to the region of 
the aui iculo\ entncular bundle undoubtedlv has served to block per- 
manently the passage of the excitation wave through the auriculoven- 
tiicular junction. Nevertheless, clinical obsei rations, even when con- 
firmed by post-11101 tem findings, do not cariy the conviction of a clean-cut 
expeinnent, theie is alwavs the possibility that tissues other than those 
found to be diseased may be the seat of pathological processes which, 
however, have escaped detection This objection has been removed by 
some experiments m which heart-block was pioduced by crushing under 
aseptic precautions the auriculoventneular bundle m the clamp above 
alluded to and then allowing the animals (dogs) to live rT Two of these 
animals survived the operation 320 and 313 days respectivelv During 
this entire period there was complete dissociation of the auricles and 

52 Erlanger Zentralbl f Physiol , 1905 0, also .Tour Pxper Med, 

190G, mi, S “ 

53 Lomakina : Ztschr f Physiol , 1900 xx\i\% 3T7 

54 Pnuhul * Ztcehr f Physiol . 1^0$ li, 177 

55 Kronechor Brit, Med .Tour imo i. 133 

3C> Cohn and Trendelenburg Piliicer's Arch f d ges Phvsiol . 1°10 cxxxi. 1. 

57, Erlanger and Blackman Heart 1^10, i. 177 
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ventricle? FTe may conclude, therefore that there is no connection 
between the auricles and ventricles that can vicariously assume the ftme- 
rons of the bnndle of His Thus the path of conduction across the 
anricnloventncnlar groove is narror.cd down to the annculoventnctdar 
bundle. 

Now that we know that the anncul oven tricolor bnndle is as nmch a 
part of the primitive heart tnbe as any other part of the heart we could 
scarcely expect conduction m it to differ from conduction in the rest of 
the heart the prc=cnce m the bundle of a considerable amount of nerve 
tissue to the contrary notwithstanding 1 ' Nevertheless, the question has 
been ashed. Is it passive to earn furtner the localization of impulse 
conduction in tms region by determining whether it is through muscle 
or through nerve'" The results of erpcnmcntation in this direction, 
though suggestive, are still far from being conclusive. The fact that in 
animals regeneration of function does not occur even in the course of a 
year after complete secticn of t* r e auncuiovcntrieular bundle, would 
seem to indicate that renes a T e not corcerncd with the process of impulse 
conduction. This c-onelus.on i= based on the usually accepted view with 
regard to the po~cr of regencranon of heart mu-cle and of nerve 
TTounds of heart muscle heal by the formation of scar r>sue. the muscle 
cells show lirtle. if any. tendency to regenerate On the other hand, it 
is well known that m due time nerves will regenerate Thi- is true not 
alone of nerve trunks, but also of nerve plexuses, such, for example as 
the mesenteric plexus 

"When our extent on was first directed to thi= subject a perusal of the 
literature revealed that regeneration of nerve and of muscle, in so car 
as :t pertains to the heart had been studied by histological methods only 
So far as could be ascertained, no effort bad been made to determine 
whether restoration of conductivity across a healed wound of the heart 
will occur. Con =eqnen tly the attempt was made to determine whether a 
functional connection between the auricles and ventricles could be 
established by uniting contiguous surfaces of the auricles and ventricles, 
union have been denuded of tbeir eu: cardial covering. Tins attempt 
failed. It was not, however, considered conclu-.ve because or the great 
aiiLCuIty of obtaining close apposition of thm-wallcd auricle to ventricle. 
For the purpose of putting this Question of regeneration to a crucial test, 
the following experiment was then made : 01 

Uscer aseptic precautions tie tip of the auricula 1 " appendix of the dog's heart 
—as crushed in a clamp so as to sever it runctionallv from the auricle proper 
excepting a narre— strip a 1 eng one edge. The tip vras not comvleielg isolated, 
since it mas feared that then atrophj* of the fanct’onless part wo nld occur a** 


5S Wilson: Anat. Bee. 1909. vui 202 

59. See Thorel: Lubarsch and Ostertags Ergehnisse 1903, ix. £01. 
00 3Ieeh: Am. Jour. PhpsioL 1910. xxv 307. 

G1 Erlanger Am. Jour Phvsfol. 1909 xxiv. 
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would interfere with the interpretation of the results The animal was then 
allowed to live some 130 days Then the tissue of the auricle was crushed 
m a line extending out to the tip of the auricle and intersecting at right angles 
the old line of crush By this procedure the appendix is divided into two triangu* 
lar areas, one separated from the heart by the old and new lines of crush, the 
other still functionally connected with the heart through the undestroyed isthmus 
at the edge of the auricle By using the second area as a control, it was then 
found that functional connection between the first area and the heart had not 
de\ eloped Histological examination revealed that heart muscle had not grown 
across the old contusion, whereas nerve could he traced from one side to the other 
The presence of this nervous union obviously did not suffice for the conduction of 
the impulse 

Such a result makes it very probable, although it does not prove, that 
the muscular rather than the nervous elements of the His bundle carry 
the impulse from the auricles to the ventricles In support of this 
conclusion it might be added ihat Cullis and Dixon 02 have shown that 
the application of a 5 per cent solution of cocain to the bundle of His 
does not produce heart-block, although all of the neive fibers with which 
the cocain comes into contact would certainly be paralyzed 

We have yet to consider conduction within the ventricles Is the 
impulse delivered by the His bundle to the ventiicular musculature at 
or neai the point where it ciosses the auriculoventncular junction, oi 
must it first traverse the entire complicated system described by Tawara, 
DeWitt, Lhaman and others 9 

These questions were first formulated only a few years ago and are 
still the subject of discussion The experiments devised to answer them 
are as yet but little beyond the formative stage Considering first the 
results of cutting both of the mam divisions of the bundle of His, the 
geneial statement may be made that the mass of evidence pomts to a 
union of the bundle fibers with the ventricular musculature below the 
bifurcation Thus Barker and Hirschfeldei 03 have shown m the dog 
that cutting the left branch usually gives complete block In the one 
case m this series of experiments m which block did not appear, both the 
ventricles seemed to contract coordmately. Eppmgei and Bothberger 04 
state that cutting one limb produces an obvious effect at once, the two 
ventricles seem to alternate Complete block, however, did not follow 
section of one limb, but only section of both The difference m the 
results of these two investigations is probably merely one of degree The 
experiments of Biggs though, are not m harmony with either of the 
foregoing researches Biggs 05 finds that m the rabbit, section of all 
branches of the bundle of His does not cause heart block and he further- 
more finds, as do also Cullis and Dixon, working with the same animal, 
that retrograde conduction may sometimes occur after section of the 

62 Cullis and Dixon Jour Physiol . 1911, xin 156 

63 Barker and Hirschfelder The Archives Ixt Med , 1909, n 192 

64 Eppmger and Rothberger CentTalbl f Physiol , 1911, xxiv, 1055 

65 Biggs Brit Med Jour , 190S, i, 1419 
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bundle This result leads one to suspect either that these investigators 
failed to cut all of the branches of the bundle, despite the fact that both 
seem to have been aware of the variations that occur m the bundle of 
the rabbit’s heart, or that the auncles weie stimulated mechanically by 
the ventricles, as Cullis and Dixon seem inclined to believe So far as 
present puiposes aie concerned the results, however, indicate that the 
teimmation of the His bundle lies some distance beyond its bifurcation 

Dow much faithei on its course into the ventricles does the impulse 
remain m the conducting system ? Tawara is of the opinion that the 
impulse is earned m the bundles to the most distant parts of the ven- 
tricles , indeed, to the papillary muscles first The moment of contraction 
of the papillary muscle, it might therefore be suspected, should serve to 
throw some light on this question Do they contract before, with or after 
the body of the ventricles ? Until quite recently it was regarded as 
probable that the papillaiy muscles contract synclnonously with or pos- 
sibly a moment latei than the body of the ventricles 00 The remvestiga- 
tion of this subject tliat has been stimulated by the suggestions of the 
anatomists has as yet led only to conflicting results, 07 which need not be 
reviewed here 

It lias thus far been assumed that the secondary blanches of the His- 
Tawara system, which, as has been said, are composed of Puikmj'c tissue, 
cairy the impulse through the ventricles This assumption is based on 
anatomical observations and on the observation, to which refeience has 
just been made, that section of the Ills bundle, or of its two mam 
branches, produces heart block In view of the possibility of misinter- 
preting the results so obtained, it was thought that it would be inter- 
esting to have some definite information with regard to conduction m 
the ventricular portion m the His-Tawara system The first attempts m 
this direction seem to have been made by Henng 03 He cut the aunculo- 
ventricular bundle m the dog and then stimulated the cut suiface More 
recently Cullis and Dixon applied electrodes dnectly over the intact 
bundle m the rabbit’s heart While the lesults obtained m both of these 
researches indicate that the bundle responds to direct stimulation, the 
very close proximity of the ventricular musculatuie, which could not 
have been more than 1 mm away from the electiodes, renders the con- 
clusions somewhat uncertain 

It has been said that some of the branches of the His-Tawara system 
cross the cavities of the ventiicles by way of the false tendons or inter- 
ventricular bands The studies of Petersen, which were confirmatory of 
Miss DeWitt’s observations, demonstrate that some of these mterven- 

66 For a discussion of tins subject see Shafer’s Text Book of Physiology, 
London, 1900, n, 10 

67 Saltzmann Skand Arch, 1908, xx, 233, Hering Pfluger’s Arch f d ges 
Physiol , 1909, cxxvi, 225 

68 Hering Pfluger’s Arch f d ges Physiol , 1910, cxxxi, 572 
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tncular bands m the beef's heart consist of Purkmje fibers and con- 
nective tissue exclusnely Thus the way was opened to a conclusive reply 
to the question of lrntability and conductivity m the Purkmje s) stem 
It has been determined m the pei fused beef’s heai t that stimulation of 
false tendons, which were found by subsequent histological examination 
to be entirely free of lieai t muscle proper and to contain as irritable 
structuie only Purkmje tissue, causes a contraction of the i entncles 09 
There could be no question m these experiments of an escape of the 
current to the ventricular musculature, smce often the electrodes were 
applied to the false tendons a centimeter or more from their insertion 
into the ventricular wall, while the strength of the stimulus eliciting a 
reply from the false tendon m many cases did not suffice to elicit a reply 
v hen applied dnectly to the ventricular wall. 

This method lias also seived to shed some light on other important 
matters By means of it, it has been found possible to show that 
impulses earned to the ventricles by way of the His-Tawara system are 
not of necessity dein ered first to the papillary muscles. If a false tendon 
be divided near its middle and the two stumps be stimulated separately, 
the ventricles will, m both cases, contract. Assuming that m both cases 
the impulse is deliveied to the papillary muscles, the distance it must 
tiaiel by way of the papillary stump of the false tendon would be much 
shorter than the distance by way of the septal stump, and we should 
expect to find a corresponding difference m the latent period of the 
ventricular contraction As a matter of fact, however, the latencies have, 
as nearly as can be determined, the same duration 

However this may be, it can be shown that the central stump of the 
false tendon probably does not terminate close to its insertion into the 
septum It is well known that practically all of the mam branches of 
the His bundle lie immediately under the endocardium, the terminal 
branches alone apparently dipping into the depths of the myocardium 
It, therefore, seems justifiable to assume that a cut a couple of milli- 
meters deep circumscribing the septal insertion of a false tendon severs 
all of the Purkmje tissue connected therewith, excepting that of the 
terminal branches Such a cut has been found to annul the response of 
the ventricles to stimulation of the circumscribed false tendon, while the 
mere ringing of an area of heart muscle does not of itself annul the 
irritability of the enclosed area At least two interpretations of this 
result are possible* (1) Either the immediate connections of the false 
tendon with the subjacent heart tissue are not extensile enough to earn 
the impulse, that is to say. a relatnely complete block results from the 
operation, or (2) the impulse before it is delnered to the myocardium 
. must first be carried to some distant point by the large subendocardial 

60 ErHnger Am Jour Physiol 1012 x\x 303 
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strands of the conducting system It lemains foi futuie woik to settle 
this matter 

Another point of some interest in connection w ith the localization of 
conduction is the following It is veil known that impulses are con- 
ducted m eithei direction between the auricles and ventricles Conse- 
quently it should be possible to show that the conducting s} stem, if prop- 
erly so-called, will cairv impulses m eithei direction Experiments with 
false tendons have shown not alone that this is the case, but also that 
the 1 impulses aie earned at the same rate m eithei direction. 

CONCLUSION 

The first conclusion one is apt to draw fiom a renew of the work 
that has been done m the effort to localize the site of impulse initiation 
and conduction is that the foimei subject at least is m a state of hopeless 
confusion I venture to pi edict, howevei, that when the last word has 
been said, the stiucture and function of the mammalian heart will be 
found to be almost identical with the stiucture and function of the 
heart of cold-blooded animals, of which the heart of the eel, owing to its 
simplicity and to the care with w Inch it has been studied, may serve as a 
type The normal sequence of the eel’s heart differs m no wise from 
that m other hearts, sinus, amides and ventricles contracting m the 
order given, which is aEo the order of the rhythm of these parts when 
isolated TJndei the eve it can be seen that the contraction begins m the 
venous part of the sinus It passes from the sinus directly into the 
nearest part of the aunele and then spreads over the aunculai tissue, 
whence it passes into the aunculai canal through which it finally involves 
the central fibeis of the ventncle “The ill) thmical power of each seg- 
ment of the heait varies inversely as does the distance fiom the sinus 
The auricular canal, which might almost be regarded as a prolongation 
of the sinus tissue, possesses a much highei ihytlimical powei than the 
auricles Therefoie, m the mammalian heait we should expect the 
rhythmicity of the sinoventucular bundle to be exceeded only by that 
of the sinus region, and this seems to be to the case In the eel’s heart the 
impulse normally leaches the ventricle by way of the auricle, but it can 
leach the ventricle directly by way of the aunculai canal also In the 
latter event the auricles do not contract The anatomical possibility of 
this path has been all but worked out m the mammalian heart It is 
believed that the finding of such a path would help materially toward 
accountmg for the appearance of nodal rhythm following excision of 
the upper part of the sinus region as well as for many other of the 
phenomena noted m this paper In any event, we cannot afford, m the 
interpretation of the functions of the heart of man, to ignore the results 
of investigation m the field of comparative physiology 
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A STUDY OP VASOMOTOR REFLEXES ELICITED BY 
HEAT AND COLD FROM REGIOXS DEVOID OF 
TEMPERATURE SENSIBILITY (IN AN 
UNUSUAL CASE OF POST- 
TYPHOIDAL NEURITIS) 

G N STEWART, M D , and WALTER B LAFFER, M D 

CLEVELAND 

This study was undertaken with two objects one clinical, the other 
physiological From both aspects the results obtained seem to be of 
sufficient intei est and utility to warrant their publication The clinical 
object was prnnaiily to throw light, if possible, on the diagnosis of a 
case which seemed to present considerable difficulty and concerning which 
veiy diffeient conclusions had been arrived at by competent clinical 
observers The physiological object was to conti lbute something to the 
solution of the question whetkei the afferent fibers through which the 
vasomotor leflexes induced by the application to the slan of heat and 
cold aie identical with the fibers concerned m the corresponding sensa- 
tions, a question which, so far as we are aware, has not received a definite 
answei It is, of course, known that actual consciousness of the sensa- 
tions is not necessary for the development of the vasomotor reactions, 
since they occur also m sleep But we do not know whether a lesion, 
especially a peripheral lesion, which completely blocks the transmission 
of impulses along the nerves of temperature sensation, or at least prevents 
them from using to the threshold value necessary for the production of 
sensation, blocks at the same time all the afferent vasomotoi impulses 
cet up by heat or cold An answer to this question is not only of 
physiological interest, but also might, m certain cases, prove of diagnostic 
importance, particularly m affording a basis for an objective test of the 
existence and possibly for an objective measure of the acuity of tem- 
perature sensibility. 

The \asomotor leflexes m this study were investigated by me^ns of 
the method of measuring the blood-flow, previously described by one of 

’Manuscript accepted for publication m The Auciirsrs, Dec 2G, 1912 

'Trout the City Hospital and the H K Cushing Laboratory of Experimental 
Medicine Western Resene University 
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us 1 The reflexes elicited m one hand when the other hand or a portion 
of it is |flaced m cold 01 uaim ualei, that is to pay, the eoniralateial 
\aso-motoi reflexes wcie piefencd foi this study to the ipsolateral 
leflexes induced m the hand limneised m the hot 01 cold water, since it 


Table 1 — Results oi Calopimetlb r J ests ox R E 


.April 20, 1912 R E Hands in bath at 1 51%. p m Hands in calorimeters at 2 03 p m 
1,015 cc vater m each Examination made m hospital 


V 

a 

X 

R 

L 

Notes 

Time 

L 

Notes 

02 

31 00 

30 7G 


2 *}2 

30 99 


04 

30 91 

30 09 

Room 24 5 C 

2 43 

31 025 


05 

30 90 

30 07 


2 44 

31 05 

Room 24 0 C 

00 

30 88 

30 05 


2 45 

31 095 


07 

30 80 

30 03 


2 40 

31 12 

Hcie cold Mater Mas brought into 

08 

30 84 

30 G3 


2 47 

31 13 

room and excited Ins appre 

10 

30 82 

30 01 

Room 24 3 



hen^ions 

11 

30 80 

30 59 


2 48 

31 15 

At 2 48 right hand and wrist put 

13 

30 78 

30 57 


2 49 

31 17 

into Mater at 8 C He feels it 

15 

30 77 

30 555 

Room 24 25 C 

2 50 

31 19 

acr\ cold on unst, but not at 

117 

30 70 

30 345 


2 51 

31 20 

all on fingers Feels fingers 

jm 

30 75 

30 33 


2 52 

31 205 

somewhat numb 

21 

30 77 

30 39 

Room 24 2 C 

2 53 

31 21 


22 

30 775 

30 G05 


2 54 

31 215 


23 

30 78 

30 61 


2 55 

31 215 

Still feels the right wrist aery 

24 

30 79 

30 G35 




cold 

25 

30 795 

30 055 


2 50 

31 22 

Hie cold water is now at 12 5 C 


20 

30 80 

30 075 


2 57 

31215 

Room 23 0 C 


127 

30 805 

30 70 


2 5S 

31 225 



.28 

30 81 

30 725 

Room 24 0 C 

2 59 

31 225 



29 

30 82 

30 73 


3 00 

31 23 



30 

30 83 

30 745 


3 01 

31 235 


31 

30 S4 

30 705 


3 02 

31 24 

Room 23 0 C 

32 

30 80 

30 79 


3 03 

3125 

At 3 03 right hand and wrist put 

33 

30 875 

30 825 


3 04 

31 255 

into water at 43 V The wrist 

1 34 

30 885 

30 835 

Right hand and w rist put in 

3 05 

31 27 

still felt cold for a little time in 

<35 


30 85 

water at 43 C Feels it 

3 00 

31 29 

the warm water 




on wrist 

3 07 

31 305 


m 


30 805 


3 OS 

31 32 


n 


30 875 


3 09 

31 325 


up 


30 S95 


3 10 

31 325 




30 915 


3 11 

31 325 


*40 


30 93 


3 12 

31 325 

At 3 12 took hand out of calon 


41 


30 965 




meter , 





3 25% 

31 17 

The right hand is reddish, on 







aiously fair vasodilatation lem 







perature of R 3U 395 C 


Cooling of R 0 49° m 51 % minutes Cooling of L 0 155° in 13% minutes Volume of light 
hand 379 cc, of left 397 cc Rectal tempeiature 37 05 C 


is commonly stated that even m the absence of connection with the cen- 
tral nervous system the blood-vessels quickly regain the power of i espond- 
mg to local changes of tempeiatuie through the intervention of a local 


1 Heart, 1911, m, 33, 70, The Abchives Int Med, 1912, it, 700 
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i emulating mechanism Thus Trotter and Davies , 2 who studied the 
phenomena following the section of cutaneous nerves m themselves, state , 

that “The vasomotoi changes which follow nerve-section begin to show a 
diminution within a few days of the operation, and by the end of six 
weeks scarcely any abnoimality of this function can be detected It 
seems piobable, tlieiefore, that recovery occurs by some local eompensa- 
toiy mechanism rather than by an active regeneration of the rasomoloi 
nerve fibers” 

Table 2 — Results of Calorimeter Tests ox R E 


May 2, 1912, R E Hands an bath at 3 15 p ra Hands in calorimeters at 3 2G p m Moutl 
temperature 30 57 C Temperature of arterial blood at wrist (say) 3G G C Examination mad 
m hospital L 


Time 

R 

L 

Notes 

o 

s 

H 

R 

Notes 

t 

324 y. 

31 10 

31 10 


3 45 

31 235 

At 3 43 left wrist withdrawn I 

3 27 

31 07 

31 15 


3 4G 

3127 

feels warmth only on middle pli 

3 28 

31 09 

31 1G 

Room 25 5 C 

3 47 

31 305 

anx of left index linger Hand ke 

3 29 

31 095 

31 17 


3 48 

31 345 

thus for the rest of the expenmei 

3 30 

31 105 

31 185 


3 49 

31 395 

Room 24 9 C 

3 31 

31 105 

3120 

Room 25 4 C 

3 50 

3141 

At 3 50 left hand put m cold waf 

3 32 

31 11 

3121 


3 51 

3145 

at 8 3 C Wrist not immerse 

3 33 

31 11 

31225 




Only feels cold on middle phala 

3 34 

31 12 

31 225 




of index finger 

3 35 

31 125 

3123 


3 52 

31 47 

Room 25 0 C 

3 30 

31 125 

31 23 


3 53 

31 48 

Still feels cold intensely on mide 

3 37 

31 135 

31225 

At 3 37 left hand put in 

3 54 

31 495 

phalanx of index The cold wat 

3 38 

31 13 


water at 43 C Room 



is now at 10 4 C 




25 4 C He feels warmth 

3 55 

31 505 

Still complains of cold in tl 




on w rist 

3 5G 

31 52 

phalanx 

3 40 

31 14 


At 3 40 withdrew wrist, 

3 57 

31 525 


341 

31 15 


dried it, and put m cloth 

3 5S 

31 535 

Hands out at 3 58 

3 42 

31 155 


to keep it from vessel 

4 09 

31 425 

Temp of L is now 30 95 C 

3 43 

31 175 


Now 7 feels warmth only 



i 

3 44 

31 195 


on middle phalanx of left 







index finger At 3 42 left 







wrist immersed He feels 







it warm 



1 


Coolimr of calorimeters R 0 11° m 11 minutes L 0 275° m 32 minutes Volume of right hand 
301 cc , left hand, 3S5 cc Pulse 7G (half reclining) 


ItLPOUT OF CASE 

Utstonj — The patient fir^t came under observation of one of us m 189S, when 
he showed verv marked atropliv of the small muscles of the hand= with less 
atrophy of the extensor group of the forearms and legs He was not under close 
obseriation then until 190S, w hen the following history and condition were 
elicited 

R E white, aged 44 years, widower, laborer 

ramxhi History — Tatlier died at the age of 57 of “paralysis of the brain ’ 
Mother died at the age of 30 of “childbirth 5 Three sisters and three brothers 


2 Trotter and Danes Jour Physiol, 1909 xrnm, 1SS 
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dead, four died when verj small, one died of tjphoid fever and one died as the 
result of an accident One uncle died of tuberculosis Grandfather died of “liver 
ti ouble ” 

Devious Jlistoiy — The patient had scailet fevei, measles, and mumps vv lien 
small, had tjphoid fever tvventj -four jears ago (in 18S4), lheumatism m left 
shouldei two 01 thiee yeais preMous to examination, and again a slight recur- 
rence in the light leg dining the prewous seven months The patient denies ever 
having had am venereal disease, had much catarrh sixteen jears previously, 
could not smell anj thing unless verj' strong for the previous ten jears Had 
cough and expectoration for the previous five or si\ vears Tubercle bacilli were 
found in the sputum twice lie had pleurisj several times two or three jears 
pnor to examination, and was shoit of breath for five or six jears, ankles swollen 
some six jears pieviouslj , appetite onlj fan, some vomiting after eating for the 
previous jear or so, pain in stomach at ttmes — cramp like, jet not verj sharp, 
bowels legular, no incontinence of feces, some incontinence of urine eight or nine 
months prev louslj’ that lasted for three months, had had no incontinence lately , 
no slowness m urination, and no change m sexual function 'The patient expe- 
rienced unsteadiness m the daik for twenty years, also when he closed his ejes 
to wash Ins face There was some double vision for previous six jears, no 
paresthesia Wasting of hands, arms and legs, fiist noticed about the knees fol- 
lowed tvplioid fever twenty-four jCars previously lie noted loss of sensation m 
hands, then m feet three or four jears after he noticed the muscular wasting 
He had fourteen opciations foi empjema of the frontal sinuses When he had 
tjphoid fever lie had pain in the right groin, no bed sores, hair came out, 
noted much muscular wasting while sick, could not walk for three months after 
getting over Ins typhoid, had no pain in legs or arms at that time Wasting 
of muscles was vciy marked three jears after tjphoid and about this time he 
noted loss of sensation, fust m the lower legs, then m the feet, and then m the 
arms and hands Feet numb, no stinging or binning At this time the urine 
and sputum showed nothing abnormal 

, Physical Examination — Tins showed scars over the frontal sinuses from 
repeated operation, which interfered with the action of the frontal muscles, no 
pupillnrj reaction to oidmary light, no njstagmus, some contraction of the 
field of vision in all diameters, jaw-jeik not present, no glandular enlargement, 
no changes in the bones or joints, no scars or pigmentation of the skin 

Muscular System — Quite maikcd atiopliv of the trapeni, supraspmati and also 
of the serratus magnus on the right side, some wasting of the serratus magnus on 
the left Both erector spinae muscles ratliei small and wasted Considerable 
strength m the biceps, triceps and deltoid on both sides, also of the supinators 
and pionators, veiy maikcd atioplij' of all of the small muscles of the hands 
and extensors and flexois of the foieann Ulnar border of forearms concave due 
to muscular atrophy Maiked atrophj of the thenar and liypothenar eminences 
He could not “make a fist” with cither hand and had practically no gup The 
face had a somewhat mask like appeal ance, probably due to the sinus operations 
He had a double partial ptosis (due to a sinus operations?) , was able to shut both 
eyes, there seemed to be no paralysis of the facial muscles and the orbicularis oris 
was strong The muscles of the soft palate and tongue were normal The voice was 
husky, moie like a voice of weakness than of paialysis Platysma myoides and 
sternocleidomastoid and other muscles of the neck were much atrophied The 
pectoral muscles showed good volume The abdominal muscles w-ere greatly 
weakened so that he could not bring himself into a sitting position without the 
aid of his arms The atiophy was more marked on the left side There was 
considerable wasting of all groups of muscles of the thigh, especially the abduc 
tors, marked atrophy of the peroneal groups, causing toe-diop, fairly good power 
m the calf muscles, extensors and flexors practically without power, marked 
wasting of the mterossei, had some flat-foot 

Reflexes — Bicipital, elbow and wrist-jerks all absent Abdominal reflex 
present at all levels, cremasteric absent Knee jerks and Achilles jerk absent on 
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Table 3 — Results of Calorimeter Ilsts ox R E ! 

l 

May 8, 1912 RE lie says lie feels better and is in better spmts than at the two piciiou 
examinations, partly due to the fact that his wife accompanied him, also to the expectation of som' 
pecuniary icward Examination made m laboratoiv Hands m bath at 1 43 p m , in calorimeter 
at 153 p m , 3,015 cc m each Mouth temp 3G 95 C > 

t 

y 

riRST PART or TEST 1 


i 

i 


Time 

R 

L 

Notes 

Time 

R 

n 

i 

Notes j 

1 52 

30 995 

30 97 

Room 22 2 C 


IBB 

31 04 

> 

1 54 

30 935 

30 925 




31 05 

Room 22 9 C 

1 55 

30 935 

30 93 



fwm 

31 0G5 


1 50 

30 935 

30 93 


2 04 

31 005 

31 095 


157 

30 90 

30 955 

Room 22 7 C 

2 05 

31 095 

31 125 

Room 23 0 C i 

1 5S 

30 98 

30 99 


2 06 

31 11 

31 14 

{ 

1 59 

30 995 

31 01 


2 07 

31 13 

31 105 

t- 

2 00 

31 00 

31 025 


2 08 

31 15 

31 20 

t, 


i 


SECOND rART Or TEST 


o 

s 

■ 

Notes 

Time 

L 

S 

Notes 

2 09 

31 205 

At 2 08 right hand put in water at 

2 39 

31 71 


2 10 

31 22 

43 C Wrist not immersed He 

2 40 

31 725 

At 2 40}A right hand put m wat 

2 11 

3123 

docs not feel warmth at all 

2 41 

31 735 

at S degrees Wrist cnrefully dm 

2 12 

31235 

Room 22 8 C 

2 42 

31 74 

and not immersed He did not fe 

2 13 

3125 

The w’arm wmter is now at 41 C 

2 43 

31 75 

the cold at all 

2 14 

3120 


2 44 

31 705 

Room 22 7 

2 15 

31 295 

Room 22 95 C 

245 

31 78 

• 

2 10 

31 32 


2 40 

31 795 


2 17 

31 325 


2 47 

31 805 

The cold water is now at 9 7° 

2 18 

31 33 


2 48 

31 81 


2 19 

31 34 


2 49 

31 825 

/ 

2 20 

31 35 

Room 22 9 C 

2 50 

31 83 

Room 22 G 

2 21 

31 30 


2 51 

31 835 


2 22 

31 38 


2 52 

31 835 


2 23 

31 405 


2 53 

31 835 


2 24 

31 425 


2 54 

31 84 

At 2 54 right hand, including wris 

2 25 

31 435 

Room 22 7 C 

2 55 

31 84 

put into water at 43° He fee 

2 2G 

31 45 


2 50 

31 84 

the wrist warm 

2 27 

31 47 


2 57 

31 S4 

Room 22 S 

2 2S 

31 495 

At 2 28 right hand, including wrist, 

2 5S 

31 84 


2 29 

31 50 

immersed m water at 43 C Feels 

2 59 

31 845 




it warm on wrist 

3 00 

31 845 


2 30 

31 525 

Room 22 9 C 

3 01 

31 S5 


2 31 

31 53 


3 02 

31 855 


2 32 

31 51 


3 03 

31 S55 


2 33 

31 505 


3 05 

31 S3 

At 3 05 hand out of calorimetc’ 

2 31 

31 59 

Room 22 7 C 

3 13 

31 74 

Temp of R 30 39 

2 35 

31 025 





2 3G 

31 035 





2 37 

31 05 





2 3S 

31 GS5 

Room 22 S C 





Cooling of calorimeter E 07G degrees m Co minute- cooling of calorimeter L Oil degrees in 
S minute^ Volume of right hand 403 cc Volame of left hand 421 cc 
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both sides No plantar reflex, no Babmshi, Opponlieim or Gordon reflexes were 
present on the left side lliere was a* slight plantar reflex on the right Bide 
imolving but the four small toes, and with this stimulus the quadriceps con- 
tracted although he felt nothing No Babmshi, Oppenhcim or Gordon present on 
the light side, gluteal reflexes present, no enlargement or tenderness of the nerie 
ti unhs found 

Sensory Symploms — The patient Mas anesthetic to all forms of sensation over 
the frontal region laterally, to the line of the outer canthus of the ejes, probably 
due to nerve lesions caused by sinus opciations No anesthesia of the rest of the 
face No anesthesia of the neck or trunk Toes, feet, and legs were anesthetic 
to all forms of sensation to above the Knees On the right side the line of 
anesthesia is just at the upper border of the patella and running around to one 
inch lnghei on the posterior suiface On the left leg the line of anesthesia was 
an inch nbo\e the patella m front, curling downward a little on each side, then 
cun mg up postcrioilv to the upper part of the popliteal space Analgesia 
extended to about tv o inches higher than anesthesia to touch in front and 
slighth lovei postcrioih Deep pressure sense nas absent in the legs 

Left aim, hand and fingers weie anesthetic to all forms of sensation from a 
line about tin ee fourths inch aboic elbow -joint 

Eight arm, hand, and fingcis were anesthetic to all forms of sensation, includ- 
ing deep pressure, below a line about one and onc-lmlf inches nbo\e the cendjle 
of the humcius, extending a little higher on the anterior surface 

Stcrcognostic sense was gone m the hands, could not tell position of fingers 
or hand 

Patient stood with Knees oier extended and walked with steppage gait, throw- 
ing right foot farther forward, howeicr, than left Toes had a tendency to ding, 
due to drop foot 

Lumbar puncture shoved low pressure, clear fluid, tuclie cells, mostlv 
lymplioc's les, to the c mm Urine show cd nothing abnormal 

April 13, 1909, the patient showed slight njstegmus, contrary to what was 
previously observed pupils equal and icactod to light nnd accommodation Seem- 
ingly some weakness of the labial muscles and cheek muscles Tongue showed 
wrinkling and thinning, seemingly slight atroplij, equnl on both sides Some diffi- 
culty in swallowing owing to the food coming out of the nose 

He said he could not walk down hill, but must run down owing to weakness 
of the extensors of the legs At this time both patellar nnd both plantar reflexes 
w'ere absent 

April, 1912, blood showed a negatnc Wnsscrmnnn reaction 
May, 1912, patient again came under observation at the Cleveland City 
Hospital and a few additional facts m regard to the history may be added 

The patient stated that he was m a sanatorium for tuberculosis seven years 
previously and was discharged as seemingly cured after nine months’ stay He 
gave no history of lightning pains or gastiie crises He still experienced con- 
siderable difficulty in walking He had some trouble at times m controlling the 
bladder and had several involuntary bowel movements, but as a rule he had no 
trouble m controlling the sphincters of bladder and bowel 

He said his feet felt cold and numb at times, but he had no other subjective 
sensoiy symptoms 

He had lately married for the fourth time History of his marital relations 
showed nothing suggestive of a syphilitic infection 

He believed that the strength in his hands and feet was slowly improving, 
which seems to be very certain judging from the lecords of former examinations 
The patient said Ins hands and feet ahvays felt cold to other people wdien he, 
himself, could tell no difference 

Examination of the chest showed evidence of a quiescent tuberculosis at the 
right apex Cardiovascular system shows nothing abnormal, although heart 
sounds seem quite faint No murmurs present 



5 


l 


Taelf 4 — Results of Calorimeteh Test on* R E 

May 18, 1912 R E He came from Ins home to the City Hospital for this examination T1 
■weather -was fairly -warm Hands in hath at 11 4S a m Hands m calorimeters at 11 58 a r, 
3,015 cc water m each Mouth temperature, 3G 55 C ] 
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FIPST PART OF TrST , 

! 


Time 

R 

n 

Notes 

Time 

R 

a 

* 

Notes 1 

11 57 J /j 

30 91 

30 87 

Room 24 8 C 

12 09 

30 99 

30 9S5 

i 

t 

i 

11 59 

30 89 

30 85 


12 10 

30 995 

31 00 


12 00 

30 90 

30 86 


12 11 

31 00 

31 02 

Room 24 S C 

12 01 

30 91 

30 88 

Room 24 9 C 

12 12 

31 01 

31 025 


12 02 

30 93 

30 91 

He saw cold water being 

12 13 

3102 

31 035 

> 

12 03 

30 94 

30 92 

prepared with ice 

12 14 

31 035 

31 045 

Room 24 0 C 

12 04 

30 94 

30 925 

Room 24 9 C 

12 15 

31,045 

31 055 

( 

12 05 

30 945 

30 93 


22 20 

32 00 

31 005 

> 

12 00 

30 90 

30 94 


12 17 

31 005 

31 OS 

At 12 17 right hand (i 

12 07 

30 97 

30 955 





wrist) put into water 5 

12 08 

30 98 

30 97 

Room 24 9 C 




8 2 C He did not f 








the cold at all 


SECOND PART OF TEST 


Time 

n 

Notes 

Tune 

L 

1 

Notes > 

1218 

31 085 


12 49 

31,555 


12 19 

31 09 

Room 24 4 C 

12 50 

31 575 

At 12 50 immersed right hand ov 

12 20 

31 10 


12 51 

31 58 

wrist m the cold w T ater Feels 

12 21 

31 11 

Room 24 0 C 

12 52 

31 59 

iery cold on wrist The w r ater 

12 22 

31 125 




S 9 C 

12 23 

31 14 


12 53 

31 585 

Room 24 0 C 

12 24 

31 155 

Room 24 5 C 

12 54 

31 GO 


12 25 

31 17 


12 55 

3161 

Still feels it quite cold on wrist 

12 20 

31 19 


12 50 

31 625 

Room 24 0 C 

12 27 

31 22 


12 57 

31 025 


12 28 

3123 

Room 24 5 C 

12 58 

31 625 

< 

12 29 

3124 

At 12 29 right hand (not wrist) 

12 59 

31 63 

Room 24 7 C 

12 30 

31 25 

put into water at 43 5 C Feels 

1 00 

31 63 

\ 

12 31 

3125 

nothing Room 24 7 C 

1 01 

31 035 


12 32 

31 27 

The cold w ater is now 9 7 C 

1 02 

31 04 

At 1 02 right hand and wri c t pi 

12 33 

31 31 


103 

31 645 

into water at 43 4 C Feels 

12 34 

31 325 

Does not feel the waim water 

1 04 

31 05 

waim on wrist Room 24 9 C > 

12 35 

31 34 

Room 26 9 C 

1 05 

31 67 


12 30 

31 3G5 


1 00 

31 09 

Room 24 9 C 

12 37 

31 40 


1 07 

31 71 


12 38 

31 42 

Room 24 9 C 

1 OS 

31 72 


12 39 

31 425 


1 09 

31 725 


12 40 

31 435 


1 10 

31 73 

Room 24 9 C 

12 11 

31,445 

The warm water is now 40 C 

1 11 

31 73 


12 12 

31 46 

At 12 42 right hand (not wrmt) 

1 12 

31 735 

The warm water is now at 40 3 ( 

12 43 

31 4S5 

put into water at S C Does not 

1 13 

31 74 

At 1 13 dried and wrapped up ngl 

12 14 

31 50 

fee. the cold at all 

1 14 

31 75 

hand 

12 15 

31 515 

Room 24 S C 

1 15 

31 755 


12 40 

31 525 


1 1G 

31 765 

Room 24 9 C 

124S 

31 54 


1 17 

31 775 





1 18 

31 79 





1 19 

31 S15 





1 20 

31 825 

Room 24 9 C 




1 21 

31 835 

At 1 21 hand romoicd from calor 




1 29 

11 70 

meter Temperature of R i 






30 52 C at 1 29 


tooling of R 0 G J0 in 72 minutes L 0 0S° m $ minutis Volume of right hind, 391 cc , 3<Tt 
hand 509 c c 
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THE A II Clin EX OF 7 A TERN A L MEDICINE 


Abdomen showed nothing abnormal Liver and spleen did not seem to he 
cnlaiged Genitalia weie normal 

Relieves Knee jerks, Achilles-jerks, Babinski, Goidon and Opptnheim relieves 
all absent on both sides Marked wasting of about the Bame muscles that were 
atrophied at the time of evamination made in 1908, and described above, although 
tlie atrophy did not seem to be as pronounced and the strength m the hands was 
much better 

Special Sense — lie could taste neither sweet, soui nor bitter on the anterior 
two-thirds of the tongue on both sides On the posterior one third of the tongue 
he seemed to be able, especially on the left side, to taste acid, but no sweet or 
bitter substances Sense of smell was absent Hearing and sight were normal 

Sensation — There was loss to all forms of sensation (including sense of posi- 
tion, deep pressure and vibratoiy sense) m the right hand evtending up on the 
forearm with a U shaped boundary on the anterior surfnee and evtending much 
higher on the posterior surface, but here also having an irregular boundary 
outline (Figs 1 and 2) Just abo\e this area of complete anesthesia to all 
forms of sensation there was an area evtending almost to the elbow joint where 



all forms of sensation were present, but less ncute than normal The left hand 
wuth the evception of the entire mdev finger was anesthetic to all forms of sen- 
sation (At the blood flow examinations he stated positively that he felt heat 
and cold only on the middle plialanv of indev finger ) The upper boundary of 
anesthesia of the hand was about as high as the so called glove anesthesia Above 
this area was a band about 5 inches wide wheie all forms of sensation weie pres 
ent, but less acute than normal Above this band there was another area evtend- 
mg almost to the elbow joint where all forms of sensation weie again absent 
The right foot and leg were anesthetic to all forms of sensation up to an 
irregular shaped line with its highest point three fingers’ breadth below the 
patella Posteriorly this line curves downward to a point six finger breadths 
below the level of the head of the fibula Over this area all forms of sensation 
were lost, including muscle sense, deep pressure sense and vibratory sense The 
left foot and leg showed almost identically the same area of anesthesia, with 
practically the same boundary, with the exception that there was a small round 
area about an inch m diameter on the sole of the foot just below the inner 
malleolus where pain sense seems to be present 
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There was a sore on the plantar surface of the light big toe that seemed to be 
painful to touch Patient thought it was caused by badly fitting shoes It soon 
healed up perfect!} Numeious other abrasions due to shoes were not felt In 
the patient at all 

Marked displacement laterally and m other direction, of the knees, ankles 
and toe joints was not perccned by the patient, but he seemed to appreciate the 
position of the left big toe 

It seemed as though vibratory sense was lost over the patella, fibula, tibia 
and bones of the feet There seemed to be a lessening of the \ibratorv sense over 
the lower third of both thigh* 

Blood Examination — Blood examination showed 5,200,000 reds, G,900 leuko- 
cjtes and a negative Wasscrmann Lumbar puncture showed rather low pressure 
(80 diops to the minute) clear, cell count 4 per emm 

X-ray examination of the chest and spine showed nothing abnormal 
XJnnc — Specific gravity 1,018, trace of albumin, no sugar and no casts found 
Elcctucal Reaction — Electrical reaction showed greater diminution in the 
faradic than in the galvanic irritability m the areas affected by atrophy and 



Fig 2 — Postenor surface Shading same as in Fig 1 Note the small circu- 
lar area on the left sole which seems to be sensitive to pain 

anesthesia Tested more exactly November 14, 1912, with a McIntosh batter} 
(galvanic cuncnt from 25 cells with total voltage of 37 Faradic current 
from coil on the same apparatus actuated bv two similar cells, No 4 Columbia 
tvpe l*Ax4 inches in sme connected m parallel) The patient stated that he 
could feel somewhat better on the hands and arm* than at ln*t examination, 
including heat and cold Following are details of the electrical reactions 

RIGHT ATM GAIAAKTC CURFIZNT (BBO\D ELECTRODE OX RVCK 3 

N Medianus (7 cm above wrist) KCC>ACC No KOC Little if anv AOC 
M Palrtiaris Longus KCC fair ACC shght No KOC or AOC (Fairly 
sharp pain at KC and some pain at AC ) 

M Supinator Longus (Palm of hand) KCC (good) >ACC, which >AOC 
KCC>KOC No contraction either with K or A at C or O (Slight priding 
pain at AC AO and KC None at KO ) 

3 Ihe “motor point*” correspond to tho=e pven by Schatrsky (Allbutt'* 
System of Medicine i, 454) It i= not implied that the position of the point* 
was' identical m our patient nor that onlv the corresponding muscle or nerve was 
olaavs stimulated bv the current used 
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'JU1J 1 RCHIVIJS OF INTERNAL MEDICINE 


itit arm galvanic curri nt (broad rircTROoE ON pack) 

N Medianus (7 cm above wrist) KCC (flexion of thice middle fingers) 
>KOC (Feels pain distinctly ) ACC (slight flexion of two middle fingers) 
is slightly less than KCC AOC slight or nbsent (Pam greater at AC than 
at AO ) 

M Palmaris Longus No contraction, and he cnlj just feels it 
if Supinator Longus KCC (fan) >KOC ACC about the same as KCC 
AOC is neai ly as stiong as ACC and stronger than KOC Almost the strongest 
cuiient jieldod by the batterj is needed to obtain c\en KCC 

M Biceps KCC (good) >KOC Conti actions easilj obtained with rheostat 
2 to 3 divisions from the maximum f J he contractions are better than those 
elicited with the nctne electrode over the point “N mcdianus” (7 cm above 
wrist) immcdiatch after, the cunent mlenMtv indicated on the nnlliampercmeter 
being practicalh the same 

AT Extensor Caipi Ulnaris, M Extensor Digiti Minimi, M Extensoi Indicis, 
M Extensor Digitorum Communis Fan contraction, both KCC and ACC, with 
lheostat three divisions from the maximum (Pain felt rather stronglj ) 

N Mcdianus (above elbow) KCC Good conti action (flexion of fingers) and 
considerable pain 

The flexion of the fingers is greater than KCC with N mcdianus (7 cm above 
the wrist), but there is much le c s difference between the effects of the galvanic cur- 
icnt on the two points than between the effects of the faradic cuirent With the 
gahamc current pain is quite distinct at both points although stronger at the 
point above the elbow 

Palm of Hand KCC, fan moiement of fingers, KCO \ery slight (Onh dull 
pains at KC ) ACO, fair contraction and >ACC 

LrrT ARM PARADIO CURRENT (BROAD rLrCTRODE ON" BACK) 

N Mcdianus (7 cm above wrist) No contraction and very little sensation 
with shield one thud withdrawn Some contiaction with core completely uncov- 
ered by withdrawing shield entirely 

N Mcdianus (above elbow) Good contraction (flexion of fingers) with core 
one-tlnrd uncovered and pain Much stronger contiaction with shield completely 
withdrawn than at the lower N mcdianus point 

M Palmaris Longus Fair contraction with shield one third w ithdrawn The 
contraction is mainly proximal to the point 

M Supinator Longus Fair contiaction with shield half withdrawn 
M Biceps Good contraction with weakest current (shield not withdrawn at 
all) He feels it well 

M Extensor Carpi XJlnaris, M Extensor Digiti Minimi, M Extensor Indicis, 
M Extensoi Digitorum Communis Contraction with shield one-fouith withdrawn 
The contraction is mainly proximal to the points stimulated 

RIGHT ARM FARADIC CURRENT (ONE TLECTRODE IN PALM) 

N Medianus (7 cm above wrist) No contraction whatever with maximum 
strength He feels some pain but not much 

M Supinator Longus With maximum stiength some contraction (dorsi- 
flexion of thumb, index and middle fingers) Pricking sensation mostly in the 
palm, only a little at position of the other electrode 

LEFT ARM FARADIC CURRENT (ONE ELECTRODE IN PALM) 

N Medianus (7 cm above wrist) With maximum strength some contraction 
of muscles of ball of thumb, etc 

M Supinator Longus Fair contraction with maximum strength 
M Palmaris Longus No contiaction except with maximum strength, which 
gives fair flexion to fingers 
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Four blood-flow experiments on as many separate days during a 
period of tlnee weeks were made on the hands of this patient and one on 
Ins feet The experiments on the feet will be leserved for inclusion m a 
sepai ate paper on the blood-flow m the feet A fifth experiment on the 
hands was partially vitiated foi its immediate purpose by the fact that 
the man came to the laboiatory on a lather cold morning with his hands 
uncovered This caused a persistently diminished flow m the hands, as is 
particularly apt to be the ease m persons with a habitually poor flow, 
so that the existence of reflex vasomotor effects from one hand to the 
other could not be studied under favorable conditions Nevertheless, the 
results m this experiment, although quantitatively less marked, were 
qualitatively the same as m the others 

The question whether m this patient the efferent vasomotor path m 
the areas where sensation is entirely gone is still capable of conducting 
vasomotor impulses was studied m the experiments of April 26 and May 
2, m which the vasomotor reflexes elicited in one hand by the application 
of heat oi cold to sensitive areas on or near the other hand were deter- 
mined The reflex effects on the blood-flow were normal m direction 
and of considerable intensity 

Thus, in the experiment of April 26 the flow for a period of six 
minutes before the vasomotor reaction was tested, was 3 90 grams per 
100 c c of hand per minute m the right hand, and 4 71 grams m the left 
For a fifteen-minute period, immediately piecedmg the vasomotor test, 
the flows weie, respectively, 3 21 and 4 56 giams The flow m both 
hands was slowly increasing up to six or eight minutes before the test 
The right hand, it will be remembered, is the weaker of the two, a con- 
dition which, m old-standing neuritis, has been found associated with a 
smallei flow In neither hand is the flow of normal amount for the age 
of the patient, and the temperature of the room and calorimeters This 
agrees entirely with the fact that his hands were always cold to the touch, 
although he himself did not know that they were cold When the right 
hand was immersed m warm water so deeply that warmth was distinctly 
felt on the wrist, the flow m the left hand for the first six minutes of 
the immersion ’was reduced to 3 56 grams per 100 c c of hand A rathei 
abrupt increase then occurred, the average flow for a further period of 
immersion of eight minutes m the warm water being 7 19 grams per 100 
c c of hand per mmute The initial diminution of the flow m the hand 
when the contralateral hand is immersed m warm water is the normal 
effect, only m this case the diminution is more prolonged than normal 
On immersion of the right hand and wrist m cold water, which was well 
felt on the wrist, the flow m the left was diminished from the average of 
7 19 grams per minute to 4 86 grams for the first three mmutes and to 
2 71 grams for the next twelve minutes, while the right hand continued 
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m the cold water. The vasoconstriction and vasodilatation m the left 


hand elicited by thermal stimuli applied to the right hand and appre- 
ciated only on the right v. nst v ere tlierefore perfectly distinct 

In the experiment of May 2 the initial flows were 3 03 and 3 08 grams 
per 100 c c per minute for the right and left hands, respectively When 
the left hand was immersed m waim water so that the sensation of 
waiinth was only appi eciated on the middle phalan\ of the left index 
fingei, although tlieie quite intensely, a lasomotor reflex occurred m the 
eontralateial hand with exactly the same features as m the experiment 
of Apul 2G, viz, a longei initial penod than usual, m which the flow 
■was diminished by the application of vaimtli to the conti alateral hand 
(fiom 3 03 to 2.67 giams per 100 ce per minute foi a penod of five 
minutes) succeeded by a iciy duiable inciease (to 8 31 giams per 100 
cc pei minute) for the lemaimng eight minute*, dunng which the left 
hand continued in the waim vatei The icaction to the immeision of 
the left hand m cold water was also quite distinct (an eventual leduction 
of flow in the right hand fiom 8 31 to 4 20 giams per 100 ec pei 


minute) 

It is notewoith), and of couise, quite in accoid with experimental 
facts, that a widespread and intense lasomotoi icflex may be initiated 
from a leiy limited reeeptne aiea Thciefoie, the intensity of the 
vasomotoi reflex in those two expci lmcnts is no indication that am 
poition of the icflex has been elicited from the anesthetic areas of the 
hands immeised m the waim oi cold watei We shall see, however, latei 


on that even the anesthetic areas do conti lbute something to the total 


effect, although the conti lbution is lclatncl) slight 

From these experiments it can be concluded (1) that the efferent 
vasomotoi paths m the paits which are totally anesthetic in this patient 
are quite capable of conduction, (2) that the centers concerned m reflex 
vasomotor action on the blood-vessels of a totally anesthetic hand and 
elicited by heat and cold fiom areas on or near the anesthetic contra- 
lateral hand are quite permeable for lasomotoi impulses 

The vasomotor reflex is so good that we can assume that practically 
the whole efferent vasomotoi path to the hand is concerned m it There- 
fore, when it is elicited from so limited a leceptive surface the relatively 
small number of fibers in the afferent path must have free access eitliei 
directly or through the bulbai vasomotor centers to the spinal cells of 
origin of the afferent fibers foi piactically the whole of the contralateral 
hand, not to speak of other aieas which veiy probably are involved m 
the reaction This could not well be the case if a lesion existed m the 
cord, and m the immediate vicinity of the cells of reception of the small 
afferent path, extensive enough to account for the sensory and motoi 
deficiency m the hands Assuming, then, that of the three links m the 
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vasomotor leflex aie, tsvo (the effeient path and the central mechanism) 
are absolutely or lelatively intact, we have now the means of determining 
the condition of the thud link (the penpheial afferent path) This was 
done m the experiments of May S and May 18, m which the behavior of 
the reflexes m one hand v hen only the anesthetic parts of the contra- 
lateral hand weie exposed to heat 01 cold were studied It is there 
shown that the leflexes elicited from the anesthetic aieas aie feeble m 
companson with those elicited fiom adjacent areas m which sensation 
is preserved Thus, m the expenment of May 8 the initial flow m the 
left hand was 5 25 giams, m the light hand 4 71 grams per 100 c c per 
minute For the fust ten minutes of immersion of the anesthetic por- 
tions of the right hand m waim water the flow m the left hand was 4 03 
giams per 100 c c per minute, which mci eased to 4 82 grams during 
continued immeision of the right hand (still only the anesthetic poitions) 
foi an additional peiiod of ten minutes Gieat care was taken that no 
pait of the hand should be immeised m which the patient preseived any 
power whatever of temper atui e sensation The wiist was carefully pio- 
tected by cloths from contact with the vessel When the wrist of the right 
hand as well as the anesthetic poitions of the hand were immersed m 
warm watei so that the patient experienced a distinct sensation of 
warmth on the wrist, the flow m the left hand, after an initial diminu- 
tion from 4 82 grams to 4 0 grams per 100 c c pei minute for a peiiod 
of four minutes (the noimal effect), increased to 6 25 grams during 
continued immersion of the hand and wiist m the waim water for an 
additional period of eight minutes Immeision of the anesthetic part of 
the light hand m cold watei caused the flow m the left hand to dimmish 
to 4 37 grams for the first eight minutes of immeision The rest of the 
experiment probably should not be used, as the marked diminution m 
the flow is a phenomenon often witnessed at the end of long experiments 
In the experiment of May 18 the initial flows weie 3 28 and 3 56, 
respectively, for the right and left hand Immersion of the light hand 
(only the anesthetic portions) in cold water caused the flow m the left 
hand to dimmish from 3 56 to 3 19 giams for the fiist six minutes of 
immersion Dui mg the next six minutes of immeision of the right hand 
m cold water the flow increased to 4 42 grams pei 100 c c per minute, 
the increase, as is usually the case even m normal hands, beginning 
abiuptly On immersion of the anesthetic portions of the right hand m 
warm watei a further small increase (to 4 60 grams per 100 c c pei 
minute) occurred and this was sustained during the total period of 
immersion of the right hand m warm watei thirteen minutes Immersion 
of the anesthetic portions of the right hand m cold water now caused a 
slight diminution of the flow m the left hand (fiom 4 6 to 4 38 grams per 
100 c c per minute for a peiiod of eight minutes) Changes of a very 
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diffeient oidei of magnitude wme pioduecd when the light hand includ- 
ing the wrist was now lmmeiscd m cold watei, the flow m the left hand 
falling fiom 4 38 to 2 82 giams pci 100 cc pci minute for the twelve 
minutes of immeision. The patient felt the cold intensely on the right 
wi ist; not at all on the rest of the hand Immersion of the right hand 
and wrist m warm water eau c ed an mciease m the flow in the left hand 
from 2 82 giams to 4 5G giains per 100 c c per minute for a period of 
five minutes Dui mg the next six minute*, while the right hand and 
wust weie still immeiscd m the waim watei, the aierage flow m the left 
hand *ank to 2 SO giams (piohahlj vasoconstriction due to the great 
dui ation of the expeiiment) When the light hand was removed from 
the w T ann water, dned caiefully and w lapped up m a cloth, the flow m 
the left hand rose again to 4 26 grams pei 100 c c per minute 

DISCUSSION" AND CONCLUSIONS 

Fiom tliese foul experiments taken together the following conclusion 
seems justified Since thcic is no conspicuous defect of conduetiMt) 
eithci m the centeis or in the efleient insomotor paths as shown m the 
first two expel iments, and incidentally also in the last two, the defect m 
the expei iments m which only anesthetic aieas were exposed to warmth oi 
cold must lie m the afleient poition of the aic, that is to say, m the 
afleient path from the anesthetic legions tlnough which vasomotor reac- 
tions m the contralateral hand can be nonnally elicited Furthei, the 
lesion as regai ds the vasomotor path is m all piohability a peripheral one 
involving mainly the afleient fibers and at a level at any rate distal to 
their cells of leeeption m the spinal gray mattei The suggestion is that 
the lesion m the other afleient paths is also periplieial, a question o 
diagnosis left in doubt by previous clinical examinations This supports 
the diagnosis of the case as post-typhoidal neuritis of unusually long 
dui ation and with other unusual featuies 

Perhaps, roughly speaking, we might arrange the various paths as 
regards the severity of the penpheral lesion as follows 1 Sensory, 
including tactile and thermal sensation, pain and also deep sensibility, 
foi example, vibratory 2 Afleient vasomotor 3 Voluntary motor 4 
Efferent vasomotor It is not implied that the wdiole change is necessarily 
m the peripheral fibers nor is it perhaps probable, hut only that the 
peripheral fibers are mainly affected The classification is purely func- 
tional It is not implied, for instance, that Group 2 is anatomically dis- 
tinct from Group 1 There is, of course, no inherent improbability m the 
supposition that the efferent and afleient portions of the vasomotoi aie 
aie differently affected The distal neurons of the tw r o paths belong o 
different anatomical systems, the efferent to the autonomic, the afferen 
to the cerebrospinal system 
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While the changes m the flow m one hand pioduced by immersing the 
completely anesthetic portion of the contralateral hand m cold or warm 
water are not laige m comparison with the changes elicited by the applica- 
tion of heat or cold to parts with good temperature sensibility, they seem 
sufficiently definite to permit the conclusion that even from a part com- 
pletely anesthetic as regards temperature sensation (as well as regards 
the other forms of sensation) vasomotor reflexes can be evoked by cold or 
waimth Two explanations might be thought of 

1 The block which conditions the anesthesia is partially central, 1 e , 
somewhere above the entiance of the afferent fibeis into the cord In this 
case the afferent sensoiy paths fiom the anesthetic areas need not be 
looked on as totally incapable of conduction of sensory impulses and 
therefore not incapable of conducting impulses which can cause reflex 
vasomotor effects 

2 The peripheral block being complete for sensory impulses, it is still 
incomplete foi afferent vasomotor impulses The second condition might 
depend (a) on the possibility of the reception and conduction by the 
neives of skm sensation (paitieularly m the case we are dismissing the 
nerves which subserve the sensations of warmth and cold) of impulses 
which can affect reflex vasomotor centeis even when they are incapable 
of receiving and conducting impulses which give use to the sensations 
m question, oi at least incapable of receiving and conducting them m 
sufficient intensity to reach threshold value, (b) on the possibility that 
other afferent fibeis than those concerned m sensation exist m the penph- 
eral nerves, tlnough which impulses elicited by heat or cold may pass 
to vasomotor centeis If such fibers exist there is no reason why they 
should be involved m exactly the same degrees as the sensory fibers m a 
chronic penpheial pathological process which is nothing if not selective 

That it is not necessary to make the" assumption involved m explana- 
tion 1 was shown by experiments on a suigical case m which a central 
lesion could be positively excluded By an injury to the median nerve m 
the foiearm, ceitam phalanges were rendered totally anesthetic to 
warmth, cold and the other forms of cutaneous sensation A small, but 
distinct, reflex vasomotor effect on the contralateral hand was obtained 
on immersion of the anesthetic phalanges m warm or cold water The 
subject, a medical student, thoroughly appreciated the object of the 
experiment, and his statement that during the immersion of the anesthetic 
phalanges no temperature sensation whatever was experienced, can be 
taken as strictly accurate In this case then, the afferent vasomotor path 
fiom the anesthetic phalanges was already m some degree permeable 
when excited by heat or cold at a time when no thermal sensation had 
returned As the case had not come under observation at an earlier date 
it is impossible to say whether the degree of conductivity observed was a 
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icsidual phenomenon due to the spaung of the path, or of a portion of it, 
m the ongmal legion, 01 to iccoveiy It is, of couise, conceivable that 
impulses winch can libeiate vasomotoi iefle\es may be capable of being 
iceened by, and of passing up, regcneiatmg none fibers at a much earliei 
penod than impulses u Inch gne n c e to sensations This case is being 
fuithei studied as icgards the return of function by the subject himself 
undei the dneetion of one of us and u ill foim the basis of a separate paper 
The question whether theimal xasomotoi leflexes can be elicited fiom 
deeper structuies than the skin, fioin muscles foi example, uho c e afferent 
fibers uhen electrically stimulated cause such mailed vasomotor effects 
has an obvious relation to this subject We haxe not discussed it because 
we do not possess the data foi doing so In any case it is ceitam that the 
skin, uhich must beai the burnt of those changes m the external tem- 
peiatuic, the adaptation to xx Inch is one of the gieat offices of the xaso- 
motoi mechanism, must be fai moic mipoitant in this regaid We liaxe 
also made no allusion to the possibility that temperatuie changes, due 
either to dnect conduction or to the passage of the blood fiom the sub- 
meiged paits to neiglibonng paits not imohed, 01 not imolved m an 
equal degree in the lesion, may affect affeicnt nenes capable of liberating 
xabomotoi reflexes, because if such changes occurred they were too slight 
or too gradual to elicit sensations of cold or uarmtli, and it was onlj 
with temperature changes which did this that we concerned ourselves 



VASOMOTOR REFLEXES ELICITED BY HEAT AND COLD 
FROM AREAS DEPRIVED OF TEMPERATURE 
SENSIBILITY BY A TRAUMATIC 
LESION ' 

G N STEWART and 0 C WALKER, MD 

CLEVELAND 

In a pathological case alieady repoited m this journal 1 it was shown 
that vasomotor icflexes, small but definite, could be elicited by the appli- 
cation of heat or cold to areas totally devoid of temperature sensibility 
The present communication establishes the same fact, for an otherwise 
normal subject, m whom anesthesia of certain portions of one hand had 
been caused by accidental injury to the median nerve m the fore-arm 

CASE REPOET 

E'istoi y — The subject, 0 G W , is a healthy fourtli-yeai medical student, 
aged 24 Septembei 15, 1912, at 9 30 a m , he mjuied Ins left aim by the bieak- 
mg of a carhoy full of water which he was cariymg The mam wound was on the 
front of the lower pait of the foreaim In addition there was a small wound on 
the dorsal aspect of the little finger From the way in which the carboy was 
being held the tendons m the lower pait of the forearm and at the wrist were 
on the stretch and stood out, so that they could easily be severed by a relatively 
supeificial wound The bleeding, so far as could be obseived, was entirely venous 
and capillary Certainly no large artery was cut The liemoirhage was con- 
trolled bv the patient himself by pressure around the wust with the right hand 
until assistance was procured He was taken to a hospital and under gas anes- 
thesia eight flexor tendons which -were found divided were sutured, and in addi- 
tion the tendon of the^ extensor digiti qumti propius on the dorsum of the little 
finger A careful search was made m the wound for divided nerves but no large 
nerve was found The wound was closed and a splint put on the aim and hand 
The arm w'as dressed morning and evening for the first few days and afterward 
each day, and healing occuned without complication 

During the interval ( 4 V 2 hours) between the injury and the operation the 
patient was able to make the following observations 

Motor Changes — Immediately after the accident it was impossible to flex either 
the thumb or the index finger 01 any of then phalanges, but adduction and 
abduction of the thumb and index were not impaired The middle, ring and 
little fingers could be flexed, the deep tendons being intact The hand could not 
be flexed on the wust The little finger could not be extended 

Sensoiy Changes — The entire index finger became numb immediately Tins 
numbness later involved more or less the whole of the hand, but was most marked 
on the radial side of the palmar aspect 

The patient continued from time to time to make observations 
September 20, 1912 The numbness, except on the index finger, has changed 
into an intense burning and tingling sensation which involves the thumb, middle 
finger, radial side of ring finger and the radial half of the palm The little finger 

* Submitted for publication in The Archives March 3, 1913 

* From the H K Cushing Laboratory of Experimental Medicine, Western 
Reserve University 

1 Stewart and Laffer The Archives Int Med, 1913, xi, 365 (See pre- 
ceding paper) 
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and the ulnar half of the palm arc not involved m tins sensation and the same 
is true of the dorsal, ulnar and palmar surfaces of the ring fingei The skin over 
the area involved in this sensation ns well as that over the index finger is very 
dry The furrows of the skin m this region are noticeably white There is some 
swelling in the index and middle fingers 

September 30, 1012 The splint was removed to day The sensation of burning 
and tingling remains the same and is limited ns above described It is like the 
pain of a burn exposed to the air and is worse at night The skin has the same 
appeaiance as before and is still very dry On the palmar surface of the third 
phalanx of the middle finger n small area about 1 cm in diameter can now be 
delimited which is very sensitive to light stroking (cotton wool or brush) This 
hypersensitive spot was first noticed m the latter part of the first week Tins 
area and the rest of the phalanx arc anesthetic ns regards pain (pin prick), 
deep pressure, heat and cold The anesthetic area (to touch, pain, pressure, heat 
and cold) involves the palmar surface of the thumb, the radial half of the palm, 
the palmar surface of the index and middle fingers and the entire periphery of 
the second and third phalanges of the index and middle fingers The radial side 
of the ring finger has a certain degree of hjpesthesin The involved area is 
more or less sensitive to light stroking the middle finger most, the index finger 
least On the middle finger especially such stroking is quite painful wlnle hard 
rubbing cruises no pain A mere touch on the middle finger, especially the palmar 
suifnce, caused discomfort, whereas prolonged stroking or (light) rublmg was 
necessary to produce the same sensation on the index finger This hypersensitive 
condition appeared about the second week while the splint was still on Sensation 
is noimal on the dorsum of the thumb up to and around the nail, also on the 
dorsum of the first phalanx of the index and middle fingers The sides of the 
first phalanx of the index and middle fingers are normal The skin over the 
involved area is desquamating Motion of the whole hand and of the fingers is 
greatly limited 

October 10, 1912 Motion much improved Sensation the same as before, but 
the painful sensations are less intense The palm and palmar surface of the 
middle finger are not =o sensitive to light contact (stroking) Cannot localize 
contact Cannot distinguish pressure at two points Thermic sensation absent m 
the entire involved area 

October 20, 1912 Motion better Can flex .ill fingers^into the palm Deep 
fiexor tendon to index does not woik, does not flex the terminal phalanx Tactile 
sensibility is not appreciably improved Localization and disci lmination of the 
shape, etc , of a body touching the skin are absent 

November 10, 1912 Motion better Otherwise no change 

December 10, 1912 Skin over the involved area not so dry Obviously there 
is now some sweat secretion but still much less than on the noimal skin Occa- 
sional shooting pains stalling about the wound and shooting to the ends of the 
index and middle fingers On tapping lightly over the scar a sensation similar 
to that caused by a w r eak electnc shock is tiansmitted to the ends of the index 
and middle fingers, never transmitted elsewhere 

December 19, 1912 Accidentally burnt the palmar surface of the terminal 
phalanx of the index finger The finger was m contact with a radiator and the 
patient was quite unconscious it was being burnt A laige blistei formed in 
about an hour 

December 20, 1912 The blister was opened and drained by puncturing with 
a needle through healthy skin at the side It began to fill immediately and m 
a few minutes wais as large as before It was reopened and filled again very 
quickly and this process was repeated about fifteen times during the day 

December 21, 1912 The skin over the blister was cut off and the accumula- 
tion of liquid stopped at once There was no recurrence of the formation of 
liquid No pam was felt from the burn at any time It was so deep as to 
involve the fat pad By January 7, 1913, the burn was completely healed 
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December 23, 1912 The distribution of sweat secretion and sensation was 
carefully tested m the laboratory 

Siceat Secretion — There is no question that the area deficient m sweat secre- 
tion is much smaller than at first, or even than a month ago The hand was 
wrapped in a towel after being wiped dry and put into a hot-air oven The oven 
contained a dish of water to help to keep the an moist and thus hinder evapora- 
tion of the sweat Sweat secretion is still small or absent over an area on the ball 
of the thumb about 3% cm long by 2 cm broad The edge of this area 
approaches the cleft between the thumb and index finger On the rest of the radial 
poition of the palm and on the second and third phalanges of the middle finger, 
where sweating was absent before, it is now present to a certain extent 

Sensation, Radial Half of Palm — The small area on the ball of the thumb 
m which sweat secretion is absent is totally insensitive to light touch (with 
blunt pencil point, cotton wool or brush) To pressure it is sensitive If a 
blunt point is pressed down with more than a certain amount of force the 
pressure sensation goes on to definite though delayed pain sensation This area 
is less sensitive to pressure than the rest of the ball of the thumb With a tube 
containing water at 3 C no cold sensation on this small area, but with a chip of 
ice a sensation of cold is obtained though delayed No sensation of warmth with 
a tube containing water at 45 C , noi w r as there any effect for some distance 
outside the boundary Hotter w r ater (50 C ) is felt as warm on points just 
outside although not felt at all inside the boundary, whereas elsewhere on the 
palm it is felt as hot The rest of the radial half of the palm is sensitive to 
touch (light contact of blunt point, light stroking with cotton or brush), pressure 
(with rubber pad of pencil), pain (pm-pnek) heat and cold (chip of ice) 
While ice causes cold sensation everywhere on the palm of the hand it is some- 
what less marked on the ball of the thumb and over the radial half of the palm 
than over the rest of the palm, rather a cool sensation than that of ice 

The thumb is sensitive to light touch but on the palmar surface of the second 
phalanx, although a tactile sensation is elicited, the subject cannot tell anything 
about the kind of body touching lnm, for example, whether it is pointed or not 
Pressure sensation is fair on the palmar surface of the thumb and good on the 
dorsum Ice gives no sensation of cold on the palmar surface of the second 
phalanx, elsewdiere the normal sensation The pm-pnek, which elsewlieie on the 
thumb causes pain, elicits only the sensation of contact on the palmar surface 
of the second phalanx 

The little finger is normal The more detailed examination of the remaining 
three fingers follows 

Light Touch — Index Finger, Palmar Surface — On the second and third 
phalanges no sensation to simple touch but some sensation to pressure, not going 
on to pain even with strong pressure with a blunt point On the first phalanx 
touch is felt but the shape of the object is not disci lmmated Dorsal Surface — 
Third phalanx only slight sensation of touch without discrimination of nature 
of object Second phalanx much bettei touch sensation First phalanx normal 
TJlnar Surface — Third phalanx no tactile sensation Second phalanx fair, third 
normal Radial surface — Third phalanx poor tactile sensation, second pietty 
good, first normal 

Middle Finger — Hyperesthetic to light touch on palmar aspect, elsewhere 
much the same as the index 

Light stroking with cotton wool or brush shows much the same distribution 
of anesthesia over the whole involved area as m the other tests 

Cold — Index, Palmar Surface — Second and third phalanges no cold sensation 
to ice First phalanx, little if any cold sensation, perhaps a slight sensation 
after a long application of the ice Dorsal and Radial Surfaces — Second and 
third phalanges no cold sensation First phalanx normal Ulnar Surface — 
Second and third phalanges, no cold sensation First phalanx, cold sensation 
but delayed 
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Middle Fingci, Palmar Sttifacc — No cold sensation on any of the phalanges, 
hut the contact of ice gave a sensation of touch on all Dorsal, Radial and Ulnar 
Surface <? — Second and third phalanges, no cold sensation, first phnlanx normal 

Ring Fingci — Palmar, doisal and ulnar surfaces normal Radial Surface — 
Fust and thud phalanges nounni a small men about J mm distal to the joint 
between the fust and second phalanges on the ladml side and overlapping the 
dorsal surface of the second phalanx either gives no cold sensation with ice or 
the sensation is niaikedh delajed 

The application of a point of ice to the point on the scar in the forearm, 
mechanical stimulation (tapping) of which gives a sensation like a weak electric 
shock l mining down to the index and middle fingers causes no effect except a 
local sensation of cold over the point touched On no part of the anesthetic area 
is anv tiling except a local sensation of cold obtained on contact with ice No 
“penpheial reference” of cold 3 could be demonstrated at this stage at anj part of 
the anesthetic area 

IVaimth (uann tube) — Index Fingci, Palmar Surface — No sensation of 
wanntli on any phalanx Sensation of contact on first phalanx Dorsal Surface — 
Warmth felt on first phalanx, nothing on second and third 

Middle Finger — Hie same portions nre sensitive to warmth as to cold and 
in about the «ame dcgiec 

Rmq Finger — Normal except the small area on the second phalanx which was 
insensitive to ice This area gives the sensation of warmth with a tube which 
elsewhere gives a hot sensation 

Pain (ptnpricl) — Index Finger, Palmar Surface — Only sensation of contact 
is given on first phalanx except with considerable pressure, when pam is elicited 
Second and third phalanges give onlv sensation of contact to pinprick and lieavj 
pressuie is required to elicit even this No discrimination of the nature of the 
object Doisal Surface — First phnlanx normal Second phalanx gv eater pressure 
of the pin needed to give pain limn on normal skin Third phalanx no pain, even 
with considerable pressure, onlv an indefinite contact sensation 

Middle Fingci, Palmar Sin face — All the phalnnges arc hyperesthetic A 
pm-pnek gives definite pam, much moie intense than on the rest of the skin 
Second and third phalanges nre more sensitive than the first Light contact or 
a light prick gives most pain Pressing or rubbing hard with a fiat surface 
docs not give pam, nor does pinching Light stroking gives a sensation of 
exaggerated tickling winch is almost pam 

Ring Finger — Normal to pinprick except the smnll area which is abnormal 
to temperature sensation On this aica a pinprick gives sensation of contact 
and not of pam 

Piessure (with rubber pad of pencil) — Index, Palmar Surface — First pha- 
lanx, fair sensation, diminishing on second phalanx toward third phalanx Dorsal 
Surface — First phalanx normal On third phalanx pressure sensation is barely 
obtainable Second phalanx intermediate 

Middle Fingci, Palmai Surface — Good pressure sensation on all phalanges 
but accompanied with tmglmg Doisal Surface — First phalanx normal Second 
phalanx fair sensation, and better than on second phnlanx of index finger Third 
phalanx about the same as second phalanx of index finger, on increasing the 
pressure the pressure sensation goes on to pam, which is not the case on the 
second and third phalanges of the index finger 

Ring Finger — Normal everywhere 

January 21, 1913 Light touch (stroking with brush) is felt over the whole 
of the involved area but only slightly on the second and third phalanges of the 
index finger On the palmar surface of the middle finger the sensation is one of 
exaggeiated tickling No area can now be found on the ball of the thumb 
which is insensitive to contact (brush or blunt pencil point) The radial portion 
of the palm is moist altlvrough dryer than the rest of the palm 


2 Trotter and Davies Jour Physiol , 1909, xxxvm, 17S 
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Januaij 24, 1913 Peripheral reference of cold cannot be obtained Sensa- 
tion of cold over the scar is delayed 

The subject came undei obseivation of the senior author for the first 
time, a month aftei receiving the mjuiy The fiist blood-flow examina- 
tion was made Oct 15, 1912 

October 15, 1912 The blood flow and vasomotor reflexes of the hands were 
examined after the subject’^ day’s woilc as a medical student Pulse 112 (sit- 
ting) Hands in bath at 4 12 p m Hands m calonmeters at 4 35 p m The 
hands were kept in the bath for a longer time than usual owing to accidental 


TABLE 1 — Calorimetric Tests of Blood-Pxow in Hands of 0 C W 


Time 

R 

L Notes 

Time 

R 

L Notes 

4 34 

31 02 

31 10 

4 45 

3142 

3143 Room 22 8 C 

4 36 

31 02 

31 10 

4 46 

31 46 

31 46 

4 37 

31 04 

31 12 

4 47 

3L495 

31 495 

4 38 

31 07 

31 15 Room 22 6 C 

4 48 

31 52 

31 52 

4 39 

31 10 

31 19 

4 49 

31 535 

31 53 

4 40 

31 13 

3122 Room 22 6 C 

4 50 

31 56 

31 55 Room 22 9 C 

4 41 

31 20 

31 26 

4 51 

31 56 

31 56 

4 42 

31 25 

3131 Room 22 5 C 

4 52 

31 585 

3157 Room 22 9 C 

4 43 

31 31 

31 34 

4 53 

31 595 

31 585 f * 

4 44 

31 38 

31 39 




Time 

R 

Notes 

Time 

R 

Notes 

4 54 

31 595 

Room 22 9 C 

5 15 

32 335 


4 55 

31 61 


5 16 

32 395 


4 56 

31 65 


5 17 

32 45 


4 57 

3169 

Room 23 1 C 

5 18 

32 48 

At 5 18 whole left hand 

4 58 

31 71 




into cold water 

4 59 

3173 

Room 23 1 C 

5 19 

32 495 

Room 23 4 C 

5 00 

31785 


5 20 

32 505 


5 01 

31 81 

Room 23 0 C 

5 21 

32 535 

Pelt the cold water slia: 

5 02 

31825 

At 5 02 anesthetic phalan- 

5 22 

32 57 

at first but is now get 

5 03 

31 845 

ges immersed m water at 

5 23 

32 59 

used to it 

5 04 

31 89 

43 4 C 

5 24 

32 60 

Room 23 35 C 

5 05 

31 91 


5 25 

32 61 


5 06 

31 96 


5 26 

32 625 

Hands out of calorimete 

5 07 

32 01 




5 26 

5 08 

32 08 


5 38 

32 46 

Temp of L is now 31 0 

5 09 

32 11 




Cooling of R 0 165 deg 

5 10 

32 16 

At 5 10 whole left hand put 



m 12 minutes 

5 11 

32 18 

into water at 42 6 C 



Cooling of L 0 545 deg 

5 12 

32 22 

Room 23 3 C 



m 45 minutes 

5 13 

42,265 





5 14 

32 29 






t At 4 53 the anesthetic phalanges of left hand immersed m water at 8 2 C 
* The hands were cautiously immersed so that the subject should not feel the 
cold water, the hand and wrist being kept fi om contact with the vessel by a towel 
On their first introduction into the cold water the anesthetic phalanges were 
immersed for a moment ratliei too deeply, so that he felt what he termed a 
suspicion of cold The fingers were at once withdrawn a little and thereafter 
he had no sensation of cold whatever 

delay m the preparations 3,015 cc of water m each calonmeter Volume of 
right hand 447 c c , of left 43G c c Rectal temperature 37 15 C Height 5 feet, 
7 V 2 inches Weight 146 pounds Came m from street not wearing gloves 

In this expei iment immersion of the anesthetic phalanges of the left 
hand m cold water caused a definite though transient diminution of the 
flow m the right hand (from 7 39 to 3 82 grams per 100 c c per minute) 
for the first two minutes of immersion Tor the next seven minutes 
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while the anesthetic phalanges continued m the cold water the flow' 
mci eased to 7 58 gi.uns !Foi the whole nine minutes the flow r was 
diminished fiom 7 30 to G 75 gin ms pei 100 cc of hand per minute 
The initial flow' m the left hand was somewhat less than that m the light 
(6 S3 gi ams per 100 c c pei minute) A considerable and more peisist- 
ant mciease m flow’ followed the immersion of the anesthetic phalanges 


TABLE 2 — CAioniMrriuc IrsTS or BrooDlT.ow in Hamis or O C W 


line 

E 

L Notes 

lime 

R 

L Notes 

11 

30 93 

30 90 Room 23 1 C 

2 19 

31 2G5 

31 2G5 Room 23 3 C 

13 

30 89 

30 93 

2 20 

31 31 

31 31 

14 

30 93 

30 99 Room 23 3 C 

2 21 

31 3G 

31 34 Room 23 2 C 

15 

30 99 

31 01 

2 22 

31 40 

31 39 Room 23 3 C 

10 

31 0G 

3110 Room 23 3 C 

2 23 

31 14 

31 41 At 2 23 anes- 

17 

31 12 

31 1G 



thetic phalanges 

18 

31 195 

31 205 Room 23 3 C 



put into watei 






at 8 C 

ime 

R 

Notes 

Time 

R 

Notes 

24 

31 4G 


2 51 

32.G7 


25 

3148 

Room 23 3 C. 

2 55 

32 705 

At 2 55 whole left hand put 

2G 

31 515 




in water at S C 

27 

31 55 

Room 23 3 C 

2 50 

32 74 

Room 23 1 C 

2S 

31 59 


2 57 

32 775 


20 

31 G3 

Room 23 2 C 

2 58 

32 795 


30 

31 G9 

Room 23 3 C 

2 59 

32 S25 


> 31 

31 73 


3 00 

32 85 


1 32 

31 78 

Room 23 3 C 

3 01 

32 875 

Room 23 3 C 

2 33 

31 S03 

At 2 33 anesthetic phalan- 

3 02 

32 S95 


2 34 

31 825 

ges put into water at 

3 03 

32 895 


2 35 

31 85 

43 5 C 

3 04 

32 90 

At 3 04 dried and wrapped 

2 3G 

31 89 


3 05 

32 91 

left hand m warm cloth 

2 37 

31 92 


3 00 

32 925 

Room 23 3 C 

2 39 

31 9G 

Room 23 4 C 

3 07 

32 935 

Room 23 1 C He says the 

2 30 

31 99 


3 OS 

32 955 

left hand feels warm 

2 40 

32 04 


3 09 

32 97 


2 41 

32 08 

Room 23 4 C 

3 10 

32 975 


2 42 

32 115 


3 11 

32 975 

Room 23 3 C 

2 43 

32 1G 

Room 23 3 C 

3 12 

33 02 

Hand removed from calori- 

2 44 

32 195 

At 2 44 whole left hand put 



meter at 3 12 

2 45 

32 32 

in water at 43 C Room 

3 28 

32 80 

Temp of L is now 30 695 0 

2 46 

32 205 

23 3 C 



Cooling of R 0 16 degrees in 

2 47 

32 30 




1G minutes 

2 48 

32 355 

Room 23 3 C 



Cooling of L 0 715 degrees 

^49 

32 395 




m Go minutes 

■O 

32 44 

Room 23 3 C 



Vol of right hand 431 cc 

Mi 

32 51 




Vol of left hand 407 c c 

K2 

32 57 

Room 23 3 C 



Rectal tempeiature 37 05 0 

¥ 53 

32 61 






m the warm water (from 7 5S to 10 58 giams per 100 c c of hand pei 
minute for a period of eight minutes) When the whole left hand was 
now immersed m the warm water some further mciease m the flow of 
the right hand (to 11 14 grams per 100 c c per minute for a period of 
eight minutes) ensued, and this w'as promptly cut down to 7 2 4 grams 
when the whole left hand was immersed m the cold water Not only was 
the diminution greater when the whole hand was immersed, but it was 



Descnption of Figuie 1 — Fingei pletln smogiaph tiacmgs Hie tiacings aie 
to be icul fiom left to light Hie pcnods of lmmeision of tlie paits to aahich 
eokl 01 aaaim aa itei aaas applied aie indicated bv tlie veitieal lines diaaan tliiongb 
the cunfis The signal tiace aaliich maiked the moment of limneision and aaith- 
dnaaal has been omitted 'June is maiked in seconds 

1 Eight middle fingci of & a noimal man, in pletln smogiaph Left hand 
in cold a\ itei (SC) foi the penod eonipnsed b\ the aeitical lines diaaan tliiongb 
tlie cuiae r L lie sin inking of the lingei (fall of the cnive) is eaident 

3 Right middle fingci of W in pletln'smogi aph Whole left hand m cold 
aaatei (SC) 

7 Eight middle fingei of W in plethysmogiapli the anesthetic phalanges of 
left hand in cold aaatei (SC) 

9 Eight middle fingei of S m pletliy smogiaph Distal half of left hand m 
cola aaatei (SC) 

21 Eight middle fingn of W m pletln smogiaph Anesthetic phalanges of 
left hand m aaaim aaatei (45 C ) 

23 Eight middle fingei of W in plethysmogiapli Second and thud phalanges 
of ling, and thud phalanx of little fingei of left hand in aaaim aaatei (45 C ) 

33 Right middle fingei of W m plethysmogiapli The anesthetic phalanges 
of left hand m cold -watei (SC) 

38 Eight index fingei of W m pletlij smogiaph Anesthetic phalanges of 
left hand m aa r ai m aaatei (43 C ) 

40 Right index fingei of W in plethysmogiapli Second and thud phalanges 
of ling fingci and thud phalanx of little fingei of left hand m aaaim aioitei (43 C ) 
47 Second and thud phalanges of left index fingei of W m pletliy 7 smograpli 
A3 hole light hand in cold aaatei (G5 C) 

l~a Right middle fingei of W in plethysmogiapli The anesthetic phalanges 
of left hand m cold a\ 7 atei ( 6 9 C ) This aims the fii st lnirnei sioii of the phalanges 
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also more persistent than when the anesthetic phalanges alone were 
exposed to the cold water 

After an intei val of two months another examination was made 

Decembei 19, 1912 Tested thermal sensibility of left hand before the experi- 
ment No sensation to immersion m warm or cold water on middle finger, at 
least up to the upper third of the second phalanx On the index finger no sensa- 


TABLE 3 — Experiment 3 with Right Hand in Calorimeter 

December 21, 1912 Right hand put into hath at 11 18 a m Left hand m 
ail Pulse 104 (sitting) At 11 2S% right hand put into calorimeter 


Time 

R 

Notes 

Time 

R 

Notes 

11 28 

30 60 


12 

04 

32 10 


11 29 

30 53 

Room 22 7 C 

12 

05 

32 155 


11 30 

30 54 

Room 22 9 C 

12 

06 

32 20 


11 31 

30 57 


12 

07 

32 26 

Room 23 C 

11 32 

30 625 

Room 22 9 C 

12 

08 

32 25 


11 33 

30 69 


12 

09 

32 32 

Room 23 1 C 

11 34 

30 75 

Room 22 9 C 

12 

10 

32 35 


11 35 

30 795 


12 

11 

32 39 


11 36 

30 855 


12 

12 

32 43 

Room 23 1 C At 12 12 the 

11 37 

30 91 


12 

13 

32 46 

7 phalanges put m water 

11 38 

30 97 

Room 22 9 C 

12 

14 

32 48 

at 82 C 

11 39 

31 02 


12 

15 

32 51 

Room 23 2 C 

11 40 

3107 

At 11 40 anesthetic phalan- 

12 

16 

32 535 




ges put m water at 8 1 C 

12 

17 

32 56 

Room 23 35 C 



No sensation 

12 

18 

32 585 


11 41 

31 095 

Room 22 9 C 

, 12 

19 

32 605 


11 42 

31 12 


12 

20 

32 63 

Room 23 3 C 

11 43 

31 165 

Room 23 C 

12 

21 

32 655 

At 12 21 whole left hand 

11 44 

31205 


12 

22 

32 68 

put m water at 43 C 

11 45 

31 25 

Room 22 8 C 

12 

23 

32 705 

Room 23 4 C 

11 46 

31 305 


12 

24 

32 74 


11 47 

31 365 

Room 22 8 C 

12 

25 

32 78 


11 48 

3142 


12 

26 

32 82 


11 49 

31 49 


12 

27 

32 86 

Room 23 3 C 

11 50 

31 53 

At 11 50 anesthetic phalan- 

12 

28 

32 90 


11 51 

31 55 

ges put m water at 42 8 O 

12 

29 

32 945 

Room 23 2 C 

11 52 

31 59 

Room 22 6 C 

12 

30 

33 02 

Hand out of calonmeter at 

11 53 

31 62 


12 

44 

32 86 

12 30 

11 54 

31 675 

Room 22 6 C 




Cooling of calorimeter R 0 16 

11 55 

31 73 

Room 22 5 C 




degrees m 14 minutes 

11 56 

3177 





Cooling of control calori- 

11 57 

31 81 

Room 22 5 C 




meter (without hand) 

11 58 

318/ 





from 30 53 to 29 76 de- 

11 59 

31915 





grees, or 0 77 degrees m 

12 00 

31965 

At 12 00, 7 phalanges of left 




71 minutes 

12 01 

31 995 

hand put m water at 42 C 




Rectal temperature 37 C 

12 02 

32 02 

Room 22 7 C 




Vol of right hand 431 cc 

12 03 

32 06 

Room 22 8 C 






tion on immersion at least up to a level well above the second mterphalangeal 
joint A perfectly safe level of immersion was thus determined beforehand An 
hour before he had burned the fiexoi surface of the third phalanx of the index 
finger on a radiator without knowing it and thei e was a blister on it He washed 
his hands m warm water before they -were put into the bath at 2 p m Pulse 104 
(sitting) Hands m calorimeter at 2 12 In testing, the anesthetic phalanges 
were passed through a hole m a thick plate of cork to avoid contact of sensitive 
slan with the vessel or water 

In the experiment of December 19 the flow for ten minutes befoie the 
vasomotor reflex was tested was 10 63 grams per 100 c c per nmmte for 
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the light hand and 10 23 giams lor the left For the hist two minutes 
of immcisioii of the anesthetic phalanges of the left hand m cold water 
the flow m the light hand sank to 5 21 giam*, using again to 9 15 grams 
pei 100 ce pei minute foi the lernaming eight minutes during which 
the anesthetic phalanges continued in the cold water On transferring 
the anesthetic phalanges to waim watei the flow m the light hand 
diminished foi the fust foui minutes to 7 SO gi ams pei 100 cc per 
minute, to mciea^e again to 9 45 grains for the remaining seien minutes 
of the penod of immeision When the whole left hand was immersed m 


TABLE 4 — Summary or Brood 


Date 
Oct 15 


Dec 19 


Dec 21 






Vol 

of 


Lfeat gn en ■ 

off 

t 

'i emp C of 

Calonmetci \ 

Hands 

i, c c 


(small cals 

) 

Boom 

R 

L 

Art Blood 

11 

L 

R 

L In 

mins 

22 C 

31 32 

31 35 

3GG5 

447 

430 

2537 

2273 

1G 

22 8 

31 Gl 





155 


2 

22 0 

31 72 





1053 


7 

23 0 

31 S7 





431 


3 

23 1 

32 01 





1157 


5 

32 2 

32 23 





03S 


4 

23 2 

32 30 





915 


4 

23 3 

32 55 





950 


8 

23 3 

31 17 

31 17 

30 55 

431 

407 

2219 

2018 

10 

23 3 

31 *10 





20G 


2 

23 3 

31 01 





1394 


8 

23 3 

31 87 





5G7 


4 

23 33 

32 OO 





1153 


7 

23 3 

32 25 





4G4 


3 

23 3 

32 50 





1G69 


s 

23 2 

32 SI 





1032 


0 

23 25 

33 01 





1032 


s 

22 9 

30 82 


30 50 

431 


2012 


9 

OO 0 

Mm 

31 10 





242 


Q 

22 9 

31 33 





1GS4 


0 

o 

22 G 

31 5S 





410 


O 

*7 

22 5 

31 79 





1 448 


/ 

O 

22 7 
22 95 

31 99 

32 23 





2G3 

17S2 


u 

10 

n 

23 26 

32 54 





1110 


1/ 

ft 

23 35 

32 70 





440 


t/ 

a 

23 25 

32 98 





1160 


0 


the waim water the flow m the right hand for the first thiee minutes 
was 9 27 grams, which mcieased to 13 27 giams per 100 cc per minute 
for the remaining eight minutes of the penod The whole left hand was 
then put into cold watei and the flow m the right sank to 7 90 grams per 
100 c c per minute dui mg the nine minutes of immersion, to rise again 
to 9 39 grams (over a period of eight minutes) when the left hand was 
dried and wrapped up 

In both of the above experiments the two hands were originally m the 
calonmeters In older to test the effect of the immeision on the anes- 
thetic phalanges alone, the left hand had to be taken out and dried 
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Although the drying was eaiefully done, it might he objected that the 
effect on the flow m the light hand following the first immersion of the 
anesthetic phalanges was really due to stimulation of the temperature 
nerves m the normal portions of the still moist left hand Of course, this 
possibility could only apply to the first immersion of the anesthetic 
phalanges and not to succeeding immersions Yet it was considered 
desirable to eliminate it and this was done m the experiment of Dec 21, 
1912, m which only the right hand was put into a calorimeter, the left 
being kept dry until the moment for immersion of the anesthetic phal- 


Flow Obsebvatioxs ox O C W 


Flow in Hands 
per mm 
E L 

33 05 29 78 

17 08 
33 90 
33 39 
55 77 
40 09 
59 66 
32 38 


Flow per 100 c c 
per mm 
R L 

7 39 6 83 

3 82 
7 58 

7 24 

12 47 

8 96 

13 34 
7 24 


Notes 

Before vasomotor reflex; tests 
Anesthetic phals m cold water (first 2 mins ) 
Anesthetic phals m cold water (next 7 mms ) 
Anesthetic phals m warm water (first 3 mms ) 
Anesthetic phals m warm water (next 5 mms ) 
Whole left hand m warm water (first 4 mms ) 
Whole left hand m warm water (next 4 mms ) 
Whole left hand in cold water 


45 82 41 67 10 63 10 23 Before vasomotor reflex tested 

22 48 5 21 Anesthetic phals m cold water (first 2 mms ) 

39 43 9 15 Anesthetic phals m cold water (next 8 mms ) 

33 65 7 80 Anesthetic phals in warm water (first 4 mms ) 

40 76 9 45 Anesthetic phals m warm water (next 7 mms ) 

39 96 9 27 Whole left hand m warm water (first 3 mms ) 

57 23 13 27 Whole left hand m warm water (next 8 mms ) 

34 06 7 90 Whole left hand m warm w r ater (first 3 mms ) 

40 49 9 39 Whole left hand dried and wrapped up 


43 73 10 14 Before vasomotor tests 

24 89 5 77 Anesthetic phals m cold water (firsts mms ) 

45 26 10 50 Anesthetic phals in cold water (next 8 mms ) 

31 31 7 28 Anesthetic phals in warm water (first 3 mms ) 

48 79 11 32 Anesthetic phals m warm water (next 7 mms ) 

32 39 7 51 7 phals left hand m warm water (1st 2 mms ) 

46 37 10 75 7 phals left hand m warm water (next 10 mm ) 

34 60 8 02 7 phals of left hand m cold water 

43 27 10 04 Whole left hand m cold water 

61 02 14 15 Whole left hand m warm water (next 6 mms ) 


anges As m the previous experiment, a sheet of thick cork with a hole 
through which the anesthetic phalanges passed prevented any contact of 
the rest of the hand with the cold or warm water or the container 

It will be seen that the results are precisely the same as in the other 
experiments Dor nine mmutes before testmg the vasomotor reflex the 
flow m the right hand comes out 1014 grams per 100 c c per minute 
Dor the first two minutes of immersion of the anesthetic phalanges of 
the left hand m cold water, the flow in the right sinks to 5 77 grams, to 
increase to 10 50 grams per 100 c c per mmute for the remaining eight 
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minutes of immeision When the anesthetic phalanges were now 
immersed m warm water (the change from the cold to the waim water 
was made instantaneously without taking the plialanges out of the cork) 
the flow diminished for the fust three minutes to 7 28 grams, to increase 
to 11 22 giams pei 300 cc per minute foi the remaining seien minutes 
of the penod of immeision Immersion in warm water of seven pha- 
langes (second and thud of index, middle and ring, and thud of little 
ilngei) of the left hand, including the anesthetic phalanges, caused now 
a diminution of the flow m the light hand for the first two minutes to 
7 51 giams per 100 cc pei minute For the remainder of the period 
during which these phalanges continued m the warm water (ten minutes) 
the flow lose to 10 75 giams per 100 cc pei minute For nine minutes 
duiing the immeision of these phalanges in cold water the flow m the 
right hand declined to S 02 giams a more persistent diminution than 
was cau c cd by immeision of the anesthetic phalanges alone When the 
whole left hand was subsequentlj put into warm water, an increase 
ensued in the flow* m the right hand to 10 04 grams per 100 c c per 
minute foi the flist tluee minutes and 1115 grams foi the remaining 
six minutes of immersion, the greatest flow’ witnessed throughout the 
observation on this case 

In all thiee experiments, then, a change is pioduced m the blood-flow 
m the light hand when a portion of the left hand, totally insensitive to 
warmth oi cold (as well as to otliei forms of sensation), is immersed m 
■warm oi cold water Although the effect is smaller and more transient 
than that produced by immersion of the sensitive portions of the left 
hand, it is too definite to be attributed to accidental changes m the 
circulation 

The question has already been laised m discussing a similar reaction 
elicited from parts totallj r devoid of temperature sensibility m a path- 
ological case, 1 whethei afferent impulses capable of affecting vasomotor 
centers can be conducted by the neives of warmth and cold sensation 
when they are unable to conduct impulses, at least m sufficient intensity, 
which give rise to temperature sensations, or whether the reactions aie 
elicited through nerves, for example, those supplying the deeper struc- 
tures, which can bo excited by abrupt variations of temperature, although 
no result is produced m consciousness, and wdncli can act as the afferent 
link m the vasomotor reflex are The possibility also presented itself 
that the blood in the anesthetic phalanges was sufficiently cooled or 
heated duiing the immeision to cause excitation of neive endings in parts 
above the level of the anesthesia In regard to this last possibility it 
must be remarked that since no sensation of heat or cold w r as experienced 
m such neighboring parts, the suggestion is really included m the ques- 
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tion as already stated In the hope of throwing some light on this ques- 
tion plethysmograplne obseivations were made with a new of determin- 
ing the latent period of the contralateral reflex elicited fiom the anes- 
thetic phalanges A finger plethysmogiaph was adjusted on the opposite 
hand The moment of immersion of the anesthetic phalanges was wntten 
above the plethysmogram by an electromagnetic signal. It was foreseen 
that unless this latent penod should turn out to be markedly lengthened 
no deductions could be drawn as to whether conduction of heat to or 
from a deeper layer than usual or convection of heat m the blood to 
neighbonng parts was essential For we neither know how rapidly heat 
vv o aid be conducted through a finger with the circulation going on, nor 
how great a change of tempeiature would be necessary to excite nerves 
which gave no sign bv a sensation of temperature when the threshold had 
been reached As a matter of fact, the latent penod turned out to be 
quite small and not measurably greater than when the reaction was 
elicited from normal skin (Fig 1) The description of the figure suffi- 
ciently elucidates the results It is, however, worthy of special remark 
that when the second and third phalanges of the index finger of the left 
hand were enclosed m the pletliysmograph no vasomotor leflex could be 
elicited from the light hand, even when the whole of that hand was 
immersed m waim or cold water The meaning of this can only be that 
the effeient vasomotor fibers going to the index finger or their endings 
have not yet regenerated to the point at which they can conduct effective 
impulses It is entirety m accordance with this that the spontaneous 
i ariations m the finger volume not connected with the respiratory move- 
ments and Avith a penod covering several respirations which sometimes 
appear on the trace of the right middle finger, are absent from the tiace 
of the left index finger If these non-re^piratoiy waves represent more 
or less lhythmical vanations m vasomotor tone they must be absent from 
a part whose efferent vasomotor fibers are eliminated We thus arrive at 
the conclusion that at a time when the efferent vasomotor fibers of a 
given part have not legenerated, afferent impulses from the same part 
elicited by heat oi cold and producing no effect m consciousness can cause 
vasomotor reflexes It must be remembered that the efferent vasomotor 
fibers m question are autonomic fibeis whose cells of origin are m sym- 
pathetic ganglia, whereas the afferent fibers are cerebrospinal, their cells 
of origin being m the posterior root ganglia In connection with the 
vasomotor paralysis of the anesthetic phalanges, the extremely rapid and 
persistent transudation of liquid into the blister on the terminal phalanx 
of the index finger is a matter of interest The normal healing of the 
region, for it was not m the least delayed nor did any complication what- 
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evei appeal, doe« not tally with the idea that any essential ti opine 
influence had been icmoied b) the nvjuiy to the cutaneous nerves 3 

3 Additional note — March 19, 1013 Pcnphcml reference of cold (to the tip 
of the indc\ fmger) has now been obsened for the past ten days when a cold 
object touches u definite pail of the scar in the forearm It is elicited by the 
point (2 mm m dinmetei ) of a cylinder filled with ice but more intensely with a 
larger suiface The local response is infcrioi in Intensity to the referred sensation 
Xo peripheral reference of heat is obtained (confirmatory of Trotter and Dnaies 1 ) 
Xo peripheral lefcicnce of cold ns act from any other part of the shin Ihe 
second and third phalanges of the middle and wde\ fingers still gi\c no response 
to hot oi cold cylinders But prolonged immersion in water at 43 C (as m 
the blood flow measurements) now causes the slow dc\elopment of “something 
like a warm sensation/' and m water at 8 C “tingling ns if from cold" Light 
stroking, contact with a blunt point, and pressure are now appreciated o\er the 
whole hand 1 lie index finger is now by persensitnc to sticking (except the 
dorsum of the third phalanx) and appuciates pain on aer\ stiong pressure, 
as on biting the finger Blood flow ob«enations in the hands show essentially 
the same featuies as at the preuous examinations 



A METHOD FOR THE QUANTITATIVE DETERMINATION OE 
PEPSIN BY USING A COLLOIDAL SUSPENSION 
OE EGG ALBUMIN 

CHARLES HUGH NEILSON, PhD, MD, and EDMOND BONNOT, MD 

ST LOUIS, MO 
INTRODUCTORY NOTE 

The expei unental woik m this paper was done during October 
Novembei and Decembei, 1909, and January, 1910 A report of the 
woik was made before the St Loms Medical Science Club m February, 
1910 The woik was repeated during the yfear 1911 and read before the 
St Louis Society of Internal Medicine m May, 1911 About this time 
oui attention was called to the work of Hata, which was unknown to us 
This work is piaetically identical with our method except m some points 
of technic Hata’s paper was published m November, 1909 After lead- 
ing this paper we decided not to publish our results As Hata’s work 
has received practically no attention; it seemed important to us that this 
woik should be known It is a valuable method for the quantitative 
determination of pepsin We submit this paper as a confirmation of 
Hata’s work We think oui method of procedure easier and better 
adapted for clinical work than Hata’s 

Many methods have been worked out for the quantitative determina- 
tion of pepsin Among these, Hammerschlag’s method may be mentioned 
It is open to the objection that the method of estimating the amount of 
undigested albumin is determined by Esbach’s method, which is inaccu- 
rate Mett’s ingenious method has not proved accurate This method 
takes ten to twelve hours to complete the determination Nierenstem and 
S duffs modification oi Mett’s method takes twenty-four hours for its 
completion According to Sahli, Volhard’s method is better than Mett’s 
method for showing digestion m gastric contents containing but little 
pepsin This method is too complicated for ordinary use 

Grutzener’s carmm method is simple but requires the use of a 
colorimeter It also has the objection that its solutions are not stable 
The Jacoby and Solms ncm method is valuable, but unfortunately requires 
an impure form of ricm which is not easily obtained Their ricm solution 
gradually deteriorates so that gastuc contents tested with old solutions 
show too high a pepsin content Euld and Levison’s method requires a 

^Manuscript submitted for publication m The Archives Eeb 6 1913 
’‘From the Department of Medicine, St Louis University School of Medicine 
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vegetable prolem, edeslm, a\1iic1i is difficult to prepare or obtain This 
solution also (Meliorates on standing The Gro^s method is simple m its 
technic and the material, casein, is easil} obtained 

Schorei’s lefiactometnc method seems valuable but it is not adapted 
for geneial use lllow ay’s method is simple but takes too long to complete 
the determination Seveial other methods such as Mourner’s, Bettman 
and Schroder’s, Spnggs’ and Lieberman’s have been icpoited but have 
not been extensively used 

In stud) mg these different methods to determine which was most 
applicable to a problem we had in hand, we decided on the Jacob) -Solms 
method We weie unable to obtain the impure ncm used by them without 
rmpoiting Wlnle waiting for tins we studied their method caiefully 
It occuried to us that the probable explanation of the Jacob) -Solms 
method was due to a protein in the impuie nein which was made colloidal 
by then pioceduie, because then solution becomes opalescent when ready 
for use On investigating the Fuld and Levison method, or edestm 
method, we found their solution to be opalescent and therefoie, m all 
probability, edestm is a colloidal condition With these facts in mind it 
occuned to us that the colloidal egg albumin solution of Hard) might be 
used foi a quantitative determination of pepsin by the dilution or limit 
method 

Haidy has shown that egg albumin diluted with distilled water in 
the pioporlion of one pait egg albumin to nine paits of water, filtered and 
heated, becomes opalescent B) dial) sis and the use of the electric current 
on this solution m faintly acid or alkaline reaction, lie has proved its 
colloidal nature This colloidal egg albumin solution is used by us in our 
method of determining the quantity of pepsin m gastnc contents 

METHOD OF ALAKING THE COLLOIDAL ALBUMIN SOLUTION 

Our method of making tins solution is similar to Hardy’s The white of egg 
is separated from the yolk and is thoroughly beaten, or, better, vigorously shaken 
m a flask It is allowed to stand after slinking until the air bubbles disappear 
A measured quantity is diluted nine times with water and filtered through ordi- 
nary qualitative filter paper It comes through the filter paper clear and trans 
parent The solution is acidified slightly by adding two or three drops of an 
0 8 per cent solution of hydrochloric acid to 100 c c of the albumin solution 
With the albumin of some eggs it is unnecessary to acidify as the albumin becomes 
opalescent on heating In other eggs the albumin solution remains clear when 
heated This is especially so if the eggs are old In our method of making the 
albumin solution we always acidify, as the results are then constant Hardy 
does not acidify and, as a result, the solution does not always become opalescent 
on heating Hardy’s instructions as to the manner of heating are rather indefinite, 
so that a certain number of failures result even if the albumin solution is acidi- 
fied The heating should be done slowly and the temperature should not be raise 
higher than 60 or 65 C If the solution is heated too rapidly the albumin solu ion 
remains clear and transparent By heating slowly the solution can be made m 
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large quantities instead of using small test-tubes as Hardy suggests We beat 
the solution m a large test-tube of 100 e c capacity or m an Erlenmeyer flask over 
a naked flame Made m this way, we invariably obtain an opalescent solution 
which has all the colloidal properties of Hardy’s solution 

METHOD OE MAKING THE COLLOIDAL ALBUMIN SOLUTION BEADY EOR 

DIGESTION EXPERIMENTS 

To every 100 c c of albumin solution 50 c c of an 0 8 per cent hydrochloric 
acid are added When a few cubie centimeters of this acid are first added a 
precipitate may form which will clear as the remainder of the acid is added 
The resulting solution is a clear opalescent solution, but somewhat lighter m 
color than the original, as it has been diluted one-third with the acid We may, 
for convenience, call this a stock solution of albumin 

METHOD OE ESTIMATING THE PEPSIN 

All the gastric contents aie those of students The gastric contents were 
removed at 8 a m , one hour after a Boas-Ewald test breakfast had been given 
The gastric contents were filteied and the pepsin tests made at once The next 
step is to make four preliminary dilutions of the filtered gastric content 
Tube 1, 2 c c gastric content, 23 c c distilled water make a dilution 1 to 12 5 
Tube 2, 2 c c of tube 1 2 c c distilled water make a dilution 1 to 25 

Tube 3, 2 c c of tube 1 4 c c distilled water make a dilution 1 to 37 5 

Tube 4, 2 c c of tube 1 6 c c distilled water make a dilution 1 to 50 

Into four small test tubes 3 c c of the stock colloidal albumin are placed Into 

each of these tubes, 1 c c of the preliminary dilution is placed, commencing with 
the weakest solution first m order to avoid the more rapid action of the stronger 
solutions as these others are added The time error is so small by this method 
that it is ignored, as it only takes a few seconds to mix the solutions m the four 
tubes The tubes were shaken to insure thorough mixing, placed m a water-bath 
registering 38 5 to 40 C and the time of placing them m the water-bath is noted 
If the method of diluting is placed m table form it may appear clearer 

PRELIMINARY DILUTIONS OF GASTRIC JUICE 

1 Dilution 1 to 12 5 

2 Dilution 1 to 25 

3 Dilution 1 to 37 5 

4 Dilution 1 to 50 

FINAL DILUTIONS IN THE COLLOIDAL ALBUMIN SOLUTION 

3 c c of acidified albumin solution 1 c c tube 1 makes a dilution 1 to 50 

3 c c of acidified albumin solution I c c tube 2 makes a dilution 1 to 100 

3 c c of acidified albumin solution 1 c c tube 3 makes a dilution 1 to 150 

3 c c of acidified albumin solution 1 c c tube 4 makes a dilution 1 to 200 

By consulting the accompanying table it is seen that the resulting 
solutions in the digesting tubes must be 1 to 50, etc For instance, 1 c c 
of Tube 1, dilution 1 to 12 5, diluted with 3 c c of stock albumin solution 
must be 1 to 50, etc Furthermore, by this method of procedure the 
percentage of acid in the digesting tubes is 0 2 per cent For instance, 
1 c c of 0 8 per cent HC1 m 3 c c of solution makes a 0 2 per cent 
solution of hydrochloric acid The amount of acid m the 1 c c of each 
dilution of the gastric content is ignored, as we have found such small 
quantities without appreciable influence on the time of digestion 
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After the tubes have been placed m the water bath, the tube with 
dilution 1 to 50 is removed at short intervals and examined to determme 
whether digestion is complete m that tube Each tube is taken m the 
order of its dilution and the time of its digestion noted The end-pomt 
of the digestion is when the opalescence has disappeared and the solutions 
are practically clear There is always a faint, cloudy appeal ance after 
the opalescence disappears At first this end-pomt may seem uncertain , 
but after a few trials one determines this easily In examining the tubes 
they must not be placed m dnect sunlight or strong light We read all 
our tubes at the north window of the laboratory where there is a clear, 
diffused, reflected light 

The results m this table are consecutive tests made on thirty-eight 
gastric contents of students These are considered normal gastric con- 
tents as none of them differ much from the so-called normal standard of 
quantity of gastric contents and total acidity of a Boas-Ewald test 
breakfast 

It is seen that on the whole, the results are as uniform as we could 
expect There is some variation in the time of digestion but not more 
than in the total acidity The time of digestion is not proportional to 
the dilution as the more dilute solutions of the gastric contents digest 
relatively quicker than the more concentrated 

If we consider the time it takes a dilution of 1 to 50 to digest as one, 
we find the ratio 1,-1 67,-2 4,-3 instead of 1,-2, -3, -4, the ratio by dilution 
The column of averages, Ho 1, is made by averaging the time digesting 
all the 38 gastric contents Column Ho 2 is made by averaging all 
except 1, 5, 23, 28 and 36, which digested so much slower than the others 
as to be somewhat out of proportion to the others The ratio here is 
1,-1 68, 2 4,-2 98, which is practically the same as that of all the contents 

By this method of procedure, supposedly normal gastric contents m 
a dilution of 1 to 100 will clear colloidal egg albumin appioximately m 
one-half hour In gastric analysis we consider a normal total acidity 
between 40 and 70 In a determination of pepsin by this method we 
might consider the pepsin as normal when digestion is finished m a 
dilution of 1 to 100 m twenty-five to thirty-five minutes If m this 
dilution, digestion is completed more rapidly than thirty minutes, we 
know there is plenty of pepsin The only question is how far above thirty 
minutes we may make the limit and still be within so-called normal 
limits It seems to us that a digestion m twenty-five to thirty-five minutes 
should still be considered normal, as the general average for this dilution 
is twenty-nine minutes 

In another set of experiments on the gastric contents of thirty-four 
diff erent students, by a different method of diluting, we obtained the 
following general average 
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Dilution 

1-8 

1-20 

1-40 

1-80 

1-100 


Aierngc, 
Minutes 
CO 
95 
14 0 
23 5 
30 0 


Dilution 
1-122 
1-140 
1-100 
1 200 


Average, 
Minutes 
38 0 
44 0 
50 5 
57 0 


We see here the geneial aveiages approach those of the other set of 
•experiments 

Instead of using the time of digesting as a standard v e might establish 
an aibitiary standard If ue consider the digesting power of a dilution 
of 1 to 100 m tlmty minutes as 100, ue would have a standaid for eom- 
panson If a puie gastnc content digested the solution in a dilution of 
1 to 100 m foity minutes, the pepsin pouei uould be less as the time of 
digestion was longer In units this would be 67, as the digestion uas 
33 pei cent slowci Or if the digestion m the dilution wa? completed 
m twenty minutes, the pepsin units would be 133, etc The noimal 
limits would var} between S5-11G, we fake the limit as i aiding between 
twenty-five and thirtj-five minutes 

In the loutme examination of gastric contents foi the quantitative 
determination of pepsin, all that is necessary at first would be the making 
a dilution of 1 to 100 and note the time of the digestion If this took 
place between twenty-five and tlmty -five minutes we could consider the 
digestion normal If it took much longer or did not clear up at all, 
strongei solution should be used Let us say a dilution of 1 to 10, 1 to 25 
If these cleared m tw r enty-five to tlnity-five minutes the digestion power 
in units would be 1/10, 1/25 of 100 Any other dilution that the worker 
might desire to use could easily be made Dilutions might be made as 
follows 


3 c c acidified albumin 1 c c filtered gastric content makes dilution 1-4 

3 c c acidified albumin 1 c c of 1 to 25 dilution makes dilution 1-10 

3 c c acidified albumin 1 c c of 1 to G 25 dilution makes dilution 1-25 

In making up small quantities of the albumin solution for use at 
different times, it occurred to us that the albumin of different eggs might 
vary in concentration and thus the time of digestion might also vaiy, 
when the solution of different eggs was used We tried a 2 per cent 
■solution of pepsin on different eggs and found no marked variations We 
also tried a gastric content m different dilutions on two dozen diffeient 
•eggs and found the results practically constant 

There is another question which is of importance , that is, whether the 
■acidified albumin solution is stable These solutions will keep about ten 
days or two weeks, but at the end of that time the albumin begins to 
■precipitate and, as a result, the time of digestion is shortened We also 
found that the end-pomt m the old solutions is not so sharp as m the 
fresh solutions 
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The acidified albumin solution with chloroform added m the propor- 
tion of one part chloroform to 1,000 albumin solution, keeps from two 
to three weeks At the end of three weeks there may he no precipitate of 
albumin, yet the end-pomt is not sharp and the resulting time of diges- 
tion is somewhat inaccurate 

The time of digestion is not proportional to the quantity of pepsin as 
measuied by the dilution As the solution of gastric contents becomes 
more dilute the time of digestion gradually lessens This suggests the 
possibility that m the dilution methods such as we have used, we do not 
obtain the same result we would obtain if the digestion were carried on m 
undiluted gastric contents By diluting we may lessen certain inhibitory 
factors which operate m concentrated gastric contents but not in dilute 
solutions However, the results obtamed by this method approximate 
closely the digestive power of a given gastric content Any marked patho- 
logical change m the digestive power of a given gastric content will suiely 
be found by this method, as we have shown conclusively m pathologic 
cases 

The concentration of hydrochloric acid for the most rapid digestion 
with this albumin solution is 0 1 per cent The time of digestion is 
proportional to the concentration of the albumin used 

The points m favor of this method are 

1 We have a material which is easily obtained 

2 The colloidal albumin solution is easily made 

3 The technic is as simple as any dilution method can be 

4 The time of making a complete determination is under one hour 

5 The results are constant 

Objections to this method 

1 The solution cannot be kept and used indefinitely, as it decomposes 

2 It has the objection, that dilution methods do not give the actual 
digestion as found m concentrated gastric contents 

3 The end-pomt may seem indefinite to those who use this method 
for the first time, but experience soon enables one to read and obtain 
constant results 
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HEART SIZE AND HEART FUNCTION IN CHILDREN 
SHOWING- ORTHOSTATIC ALBUMINURIA. AN 
ORTHODIAGRAPHIC STUDY ! 

MURRAY H BASS, MD, and H WESSLER, MD 

NEW YOKE 

The close relationship of orthostatic albuminuria to the cardiovas- 
cular system has frequently been emphasized, yet m a consideration of 
the literature one is struck by the diversity of opinions and the contrary 
findings of various authors Having at our disposal the material of a 
large pediatric clime and noting how frequently cases of orthostatic 
albuminuria presented themselves for treatment, we determined to study 
the hearts and blood-pressures m a number of these patients m order to 
see which of the previous findings we could corroborate, and also whether 
m the course of our work we could throw some light on the pathogenesis 
of these symptoms 

The present paper will deal only with our results m the examination 
of the heart, and we leave a consideration of the blood-pressures to a 
futuie communication 

Ever since Edel 1 called attention to the cardiovascular factor as an 
important one m the etiology of orthostatic albuminuria, many observa- 
tions have been made, both on the heart and the vessels, m an attempt 
to clear up this obscure subject. Although various investigations have 
not as yet been able to solve the problem, nevertheless m their course a 
considerable amount of interesting data has been brought forward At 
first there was a tendency to explain the albuminuria purely as the 
result of a cardiovascular abnormality, but it soon became clear that 
urine of a similar character was excreted by children m whom no phys- 
ical abnormalities could be detected On the other hand, it had been 
noted that a large number of children who showed this urinary anomaly 
also presented cardiovascular peculiarities These symptoms appeared 
to be more or less characteristic, and led Langstem 2 to classify his cases 
of orthostatic albuminuria m three groups 1 Children who have grown 
rapidly, who complam of fatigue, palpitation and headache, look pale, 
but whose hemoglobin is normal This type usually occurring in girls 
of 12 to 14 yeais, Langstem terms the angiospastic type 2 Children 

* Submitted for publication m The Archives, Dec 27, 1912 

* From the Dispensing and Z-Ray Departments of Mt Sinai Hospital 

1 Edel Mtmchen med Wcbnschr , 1901, Nos 46 and 47 

2 Langstem Die Albummurien alterer Kinder, Monograph, Leipzig, 1907 
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who flush easily, wlio show marked \asculai irritability, whose complaints 
are chiefly congests e headaches, vomiting attacks and uiticana These 
ca=es he groups as the eiethic tjpe 3 Clnldien whose physical exami- 
nation shows no abnoimality and who have no complaints In such 
cases the albummuiia is incidentally found m a routine examination 

It appears, theiefoie, both from prewous observations and from the 
cases we me about to describe, that when subjective symptoms do occur 
m orthostatic nlbunimuiia they aie chiefl} those refeiable to the cardio- 
vascular system, viz . djspnea on exeition, palpitation, prccordial pain, 
headache, fainting, liypeisusceptibility to cold These symptoms, com- 
ing on as a rule m clnldien between the ages of 10 and 14, have become 
mtimatel} associated with the sjmptomatology of pubert) This con- 
nection has long been noted, and has led to numerous h} r potheses m 
which a dispropoition between the giowth of the \anous organs and the 
woik they are called on to peifoim at this period of lapid bodily devel- 
opment has been assumed as the basis of these symptoms An analog} 
is seen between the albuminuria, which is supposedly due to an insuffi- 
ciency of the kidney, unable m its growth to keep pace with the rest of 
the body, and the caidiac S}mptoms which aie an expression of a similar 
developmental backwardness of the lieai t 

The matenal on which this icpoit is based comprises tlmty-six dis- 
pensaiy cases, w r lio dui mg the pieuous fourteen months applied for 
treatment for a "variety of complaints These complaints, coupled with 
the moie or less cliaracteiistic appeal ance of the children, led us to sus- 
pect albuminuria In each case albumin was shown to be present m the 
urine by the addition of dilute acetic acid and the application of heat 
The albuminuria was then pi oi ed to be of the orthostatic variety by the 
examination of seveial specimens of the eaily morning urine, which was 
found to be albumin fiee In a few r of the cases albumm only appeared 
in the uime after the child was placed m the lordotic position by kneel- 
ing as described by Jelile 3 In all the cases the albumm disappeared on 
the assumption of the horizontal position In none of the cases were 
casts found, though centrifuged specimens of the unne were frequently 
examined, some of them over a period of a yeai These cases weie sub- 
jected to a functional heait examination m the following mannei 

A complete physical examination of each child was made m such a manner 
that the element of fear or nervousness on the part of the child could be excluded 
as much as possible Then on another day the heart size was determined by 
orthodiagraphy m the sitting posture and the pulse-rate taken The child was 
next made to run up and down four flights of stairs rapidly and was then imme- 
diately orthodiagraphed a second time and the pulse again counted The fluoro- 
scopic examination was always done at the same time of the day, sufficiently 
removed from meal-time to ob\iate sources of error The orthodiagraph was in 
every case made by the same one of us and the physical examination by the 
other so that the personal element might be eliminated 

3 Jehle Die Lordotische Albummune, Leipzig and Wien, 1909 
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EXAMINATION OE THE HEART AT REST 

In Table 1 will be found the results of the orthodiagraphie examina- 
tion of these thirty-six children while at rest In the fifth column are 
given the average figures of heart size for children of corresponding 
heights as determined by Veith 4 A comparison of these figures shows 
seven of the hearts to be larger than normal Of these seven cases, six 
show an increase over the normal of but 1 to 3 mm , differences within 
the limits of error This leaves one case (Case 18) in which the heart 
is distinctly enlarged Of the remaining twenty-nine cases, twenty-two 
show values lower than the normal It is remarkable that the majority 
of these figures diffei from the normal by relatively large amounts — 
from 1 to 4 cm In this chart we have included all our cases of ortho- 
static albuminuria mespeetive of the presence or absence of cardiac 
symptoms Included m these, however, are fifteen children who eithei 
complamed of subjective symptoms or presented signs of cardiac abnor- 
mality on physical examination It is, therefore, of interest to determine 
whether these fifteen can be differentiated from the others m respect to 
heart size This is of especial importance in view of the effort which has 
been made by investigators for some years to find in an alteration m 
heart size and function an explanation of these very symptoms 

French and German clinicians have advanced various theories to 
explain these symptoms 5 As has been mentioned above, it appeared to 
most observers that since many of these cases occurred at or immediately 
before puberty, owing to a lack of correspondence of growth between the 
heart and the body, a relative insufficiency of the former became manifest, 
accentuated by the excessive psychical and physical demands of the grow- 
ing body This weakness showed itself, especially m children, who by 
heredity or environment, were handicapped by poor physical develop- 
ment The ensuing malnutrition also expressed itself m poorly devel- 
oped hearts, with the results that the demands of even every-day life 
were the cause of subjective and objective signs of heart insufficiency, 
such as m normal individuals would be manifest only after considerable 
exertion To quote Martius c “Heart weakness without expressly dis- 
coverable cause, brought about by the ordinary demands of life, inci- 
dental to the school age” The same idea has been aptly expressed by 
Fairbanks, 7 who, in speaking of the “Essential Insufficiency of the Heart 
m Childhood,” says “One reason why the aggregate of demands on the 
heart may sometimes exceed its power to respond lies m the fact that the 
general bodily development is neithei synchronous nor symmetrical ” 

4 Veith Pahrb f Kmderh , 1908, lxvm, 205 

5 Lonunel Krankheiten des Junglmgsalters, Ergeb d inn Med u Kmderh , 
1910, vi 

6 Martius KongTess f inn Med , 1899, p 41 

7 Fairbanks Jour Am Med Assn , 1907, xlix, 1976 
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Tins clinical picture, to which Geimain See 8 fust called attention m 
1880, and to which he gave the name " Hypertrophic ci dilatation de la 
cioxstancc,” wa^ further de\ eloped and moie completely descubed by 
Marinis 0 In the examination of a large numbci of institution chil- 
dien this obsener was impressed by the existence of a distinct group 
piesentmg the following typical appearance 

The children are weak, pale, lose their appetite, complain of headache 
Elimination reveals besides slight enlargement of the cervical nodes, moderate 
anemia, sometimes hut not alwajs orthostatic albuminuria, the absolutely char- 
acteristic heart finding dilatative 'weakness 

Accoidmg to Martius, in this condition the phjsicnl signs aie char- 
acteristic The apex-beat of the heart is displaced beyond the nipple, 
c ometimes out as fai as the antenor nxillar} line, it is heaving m 
chaiactei, the pulse shows distinct diminution m tension and has a 
tendency aftex exeicise to mciease m late out of all proportion to the 
amount of the exeition and at the same time to become xery poor m 
qualit} This condition Mai tins con c ideis frequent among the poorer 
classes 

While during the past decade oithostatic albummuiia was mousing 
considerable liiteiest 10 and the clnldien suffering from it were subjected 
to caieful stud}, it became apparent that a great number of them 
belonged to the above gioup described b) Martius, the albummurics 
showing cardiac signs and symptoms identical with those classed as 
dilatative weakness Thus m ninety cases of orthostatic albuminuria 
Lommel 11 found tlnrt} -eight with cardiac abnormalities, thirteen with 
apparent left ventricle hypertrophy, eleven with markedly exaggerated 
apex-beat and nine with systolic muimuis Schaps 12 m the same way 
notes a big percentage of enlarged hearts with subjective symptoms The 
idea was, therefore, generally accepted that many orthostatic albumiurics 
had cardiac enlargement It must be lemembered, however, that these 
observations were made before the introduction of the more precise 
methods of examination afforded by the rc-rays, and it is therefore of 
considerable interest to find that when a few similar cases were subjected 
to fluoroscopic examination no enlargement of the heart w r as found 
Fischl 13 who skiagiaphed these hearts found them normal, while Lang- 
stem and Reyher, 2 using the orthodiagraph, found to their surpise that 
m eight cases so examined the hearts were smaller than usual This 

8 Germam S6e Traite des maladies du eoeur 1889 

9 Martius Loc cit Note 6, and Gedenksehrift ftir von Leuthold, 1906 

10 For a review of the latest literature on this subject see Bass A Summary 
of the Recent Literature on Orthostatic Albuminuria Am Jour Dis Child, 
1912, iv, 246 

11 Lommel Arch f klm Med , 1903, No 78, p 540 

12 Schaps Arch f Kmderli , 1903, No 35 

13 Fischl Arch f Kmderh , 1909, hi 



Table 1 — Heabt Size Dubing Rest in Thibty- Six Cases of Obthostatio Albuhittobia, 

Twenty-Six Gibls and Ten Boys* 
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94 
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9 1 
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9 87 
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10% 
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96 

94 

+ 2 

10 


8 

121 

82 

94 

—1 2 

11 


11 

133 

87 

9 87 

—1 1 

12 


12 

137 

78 

9 87 

—2 

13 


7 

115 

9 1 

88 

+ 3 

14 


14 

150 

10 

10 39 

— 3 

15 


12 

140 

93 

9 87 

— 6 


Symptoms and Physical Signs 


Palpitation, dyspnea 
Palpitation, dyspnea 

Palpitation, dyspnea, booming first sound 
Palpitation, dyspnea, booming first sound, 
pulmonic second accentuated 
Palpitation, dyspnea, first sound impure, 
pulmonic second accentuated 
Palpitation, dyspnea, booming first sound 
Palpitation, dyspnea, overaction 
Palpitation, dyspnea, apex one finger out- 
side nipple, overaction 
Palpitation, dyspnea, left border one finger 
outside nipple 

Palpitation, dyspnea, apical systolic mur- 
mur, pulmonic second accentuated 
Palpitation, dyspnea, apical systolic mur- 
mur 

Palpitation, dyspnea, apical systolic mur- 
mer, overaction 

Palpitation, dyspnea, heaving apical im- 
pulse, booming first sound 
Palpitation, dyspnea, apex outside nipple, 
heaving impulse, overaction, accentuated 
pulmonic second 

Apex, one finger outside nipple, marked 
tachycardia 


16 

10% 

126 

95 

94 

+ 1 

No symptoms or signs 

17 

12 

131 

10 1 

9 87 

+ 2 - 

No symptoms or signs 

18 

11 

130 

10 9 

9 4 

+15 

No Bymptoms or signs 

19 

13 

141 

10 

10 39 

— 39 

No symptoms or signs 

20 

13 

157 

84 

12 5 

—41 

No symptoms or signs 

21 

10 

121 

10 2 

94 

— 8 

No symptoms or signs 

22 

12 

128 

86 

94 

— S 

No symptoms or signs 

23 

9% 

121 

95 

9 4 

+ 1 

No symptoms or signs 

24 

12 

126 

94 

9 4 

0 

No symptoms or signs 

25 

9 

117 

84 

8 82 

— 4 

No symptoms or signs 

26 

12 

142 

10 7 

10 39 

+ 3 

No symptoms or signs 

27 

8 

112 

87 

8 82 

— 1 

No symptoms or signs 

28 

11 

152 

10 5 

11 3 

— 8 

No symptoms or signs 

29 

10 

132 

85 

9 87 

—1 3 

No symptoms or signs 

30 

15 

145 

89 

10 39 

—1 4 

No symptoms or signs 

31 

11 

135 

87 

9 8 

—1 1 

No symptoms or signs 

32 

14 

155 

8 8 

12 5 

—3 8 

No symptoms or signs 

33 

10 

132 

9 1 

9 87 

— 7 

No symptoms or signs 

34 

12 

140 

88 

9 87 

—10 

No symptoms or signs 

35 

5% 

94 

77 

84 

— 7 

No symptoms or signs 

36 

13 

130 

86 

9 4 

— 8 

No symptoms or signs 


*Tlie first fifteen cases m this table are those in which symptoms or physical signs of 
cardiac abnormality were present The remainder were free from such signs 
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discrepancy, though in so small a numbei of cases, is lmpoilant enough 
(o deserve furlhei imestigation 

Returning once more to our own cases, we ha\e placed the children 
who show eithei subjective or objectne signs of cardiac involvement 
together at the commencement of Table 1 (Cases 1 to 35 ) In the 
last column aie enumeiated the couesponding signs and symptoms 
A stud} of tlic^o fifteen cases shows that m none of them is the heart 
mciea c ed m size Two of them leteal an increase o\er the normal of 
2 and 3 mm, respectively, values winch, as was mentioned above, are 
within the limits of eiroi On the other hand, nine of the remaining 
sliow r a distinctly small heart, difTeimg m one case by as much as 22 
mm from the noimal si/e The heai ts are enlarged neither to percussion 
nor to iluoroscop}, with foui exceptions (Cases 8, 9, 14 and 15), m 
which pei mission showed flight enlargement to the left, which was 
veil fled, howevei, by the oithodiagiaph only m one instance The sig- 
nificance of the enlargement in this case (Ca c e 9) will be discussed latei 
Our results are, therefore, m accord with the observations of Lan gstein, 
Bc}hcr and Fischl, who found no enlargement 

In spite of the absence of an} demonstrable increase m the size of 
the hearts, all of these children nevertheless had definite symptoms 
They commonly complained of dyspnea on exertion, of palpitation, or 
moie raiel}, of precoidial pam Twelve of the fifteen had definite signs 
of abnormal function, fine had booming first sound, three had apical 
systolic murmurs, four had marked accentuation of the second pul- 
monic sound, four showed apical signs of marked over-action and foui 
showed increase of heait dulness to the left These are all distmet signs 
and symptoms of relative heait insufficiency, and undoubtedly correspond 
to the cases described by Martius and others as dilatative weakness 
It may not be amiss at this point to present m detail the history and 
physical examination of one of oui cases 

History — R P (Case 8), female of Russian parentage, aged 10 years 
Family History — An older sister lias rheumatic endocarditis for which she 
has been m the hospital on several occasions Parents well No history of 
tuberculosis 

Fast History — Measles m early childhood Except for several mild attacks 
of tonsillitis the child has been well Has never had scarlet fever 

Present Illness— For the past ten months the patient has noted epigastric 
oppression, severe dyspnea and palpitation on exertion No cough No sweats 
No edema No fever Does not vomit Appetite fair Bowels regular Sleeps 
well 

Physical Examination — A very nervous child, showing poor muscular tonus, 
as evidence of which there is a marked exaggeration of the lumbar lordosis 
Marked pallor of the skm, but lips and mucous membranes strikingly ruddy 
Hands cold and cyanotic Marked dermograplna Chvostek’s sign positive 

14 For the value of this sign see Bass, “Chvostek’s Sign and Its Significance 
in Older Children,” Am Jour Med Sc , July, 1912 
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Mouth, throat, lymph-nodes, eyes negative Chest long and flat, scapulae winged 
epigastric angle narrow Lungs negative Heart Apex m the fifth space m 
the nipple line, distinct over-action, percussion shows the left border one finger 
outside the nipple line, first sound at apex booming m character, no murmurs, 
second sounds at base accentuated, action regular, somewhat rapid, short venous 
b um over the vessels of the neck, pulses regular, no increased tension Abdomen 
lax, right kidney palpable 

Orthodiagraphy reveals a heart normal m shape, size and position 

Urine A M specimen albumm-free , p m specimen, faint trace of albumin, 
after lordosis (kneeling for three minutes), very heavy precipitate of albumin 

This case, then, presents the typical picture we have above described — 
a child who comes to ns complaining of severe palpitation and dyspnea 
on exertion, who is suffering from orthostatic albuminuria, whose phys- 
ical examination by the ordinary methods would lead one to suspect car- 
diac enlargement However, m spite of the signs of cardiac over-action 
and the fact that percussion shows the heart dulness one finger to the 
left of the nipple, caieful measurement with the orthodiagraph proves 
that the heart is normal m size and position 

It may he concluded from our findings that the conception “dilata- 
tive weakness” as applied to cases of orthostatic albuminuria, at least m 
so far as it assumes enlargement of the heart, is a mistaken one, due 
probably to errors m percussion, which will be discussed later on hTor 
can the small hearts stand m a causative relation to these symptoms, 
since the smallest heart sizes were found among those children who did 
not present any symptoms at all 

EXAMINATION OE HEART SIZE AFTER EXERTION 

Havmg definitely decided that these hearts during rest were normal 
or under-sized, the next question to he determmed was what alteration 
m size, if any, the heart underwent after exercise 

The change in size m the normal heart after exertion has been thor- 
oughly studied by numerous observers since the introduction of precise 
methods for the determination of heart size Moritz , 15 Dietlen , 16 Kien- 
bock , 17 Agostini , 18 Jundell and Sjogren 10 and many others showed that 
contrary to the previously current opinions, the normal heart, even after 
exhausting exercises, contracts considerably m volume It follows from 
their work that acute dilatation of the healthy heart does not occur 
Martius, quoted by Langstem , 2 however, believes that cases of dilatata- 
tive weakness previously referred to react to exertion by an increase m 
heart size, and therefore concludes that these hearts are weak According 

15 Moritz Munchen med Wchnschr, 1907, No 14, also 1908, No 25 

16 Dietlen Ergeb der Physiologie, 1910, also Munchen med Wchnschr, 
1907, No 10 

17 Kienbock, Selig and Beck Munchen med Wchnschr , 1907, No 29 

18 Agostini Ztschr f exper Pharm u Therap , 1909, p 159 

19 Jundell and Sjogren Reviewed m Centralbl f inn Med , 1912, No 42, 
p 1053 
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to Mai lius, tins symptom is one oX the most frequent m orthostatic 
albuminuria 

Schaps, 12 idling on percussion, in an examination of sixteen eases 
of oithostatic albuminuria shouing eardioi oscular s}7nptoms or signs, 
found onl} one case m lihich after exeieise the heart seemed to have 
enlarged This is of paitieular interest, in view of the fact that of the 
thirty-lii e cases de c enbed by him, twenty showed pathological heait 
findings (murmuis, arhjthmia, accentuation of the basic sounds, insta- 
bility of the pul^e) 

Neumann 20 in eight cases of dilatatne weakness, two of which had 
albuminuiia, found b) percussion that after stair-climbing the hearts 
increased in swe 
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the first fifteen cases are those -with cardiovascular symptoms or signs 


The work of these observers is, however, not beyond criticism, since 
they relied for the determination of heart size on percussion only We 
have been unable to find records of any oithodiagrapkie heart examina- 
tions before and after exercise, either m cases of orthostatic albuminuria 
or in cases of dilatative weakness, and consider such an examination 
absolutely necessary for a conclusive determination of the question o 
dilatation after exercise Such examination we have carried out ® 
exercise consisted m rapidly running up and down 160 steps, w ie 


20 Neumann Jahrb f Kmderh , 1900, In 
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always resulted in considerable fatigue The children were then imme- 
diately examined on the fluoroscope and orthodiagraphic tracings made 
under exactly the same conditions and position m which the tracings had 
been made before exercise 

Table 2 shows in parallel columns the transverse heart diameters in 
our thirty-six cases before and after exercise It will be seen that in 
twenty-two cases the heart became distinctly smaller, while m the rest 
of the cases it remained unchanged or practically so In no case did the 
heart become larger after exercise, not even m the children showing 
subjective or objective cardiac symptoms These results definitely prove 
that the cardiac symptoms m this undoubtedly clinically distinctive 
group must find an explanation elsewhere than m the altered heart 
size, possibly in some disturbance in the vasomotor system 

It is noteworthy that although none of the hearts increased in size, 
thirteen of them failed to grow smaller 21 (We have included those which 
diminished only 1 mm , as this was practically no change in heart size ) 
The failure of these hearts to contract after exercise is the more remark- 
able and is indicative of some abnormality of heart action, m view of 
the experience of Moritz that the hearts of youthful individuals and of 
those who are not accustomed to hard work, show the greatest amount 
of contraction The exact significance of this fact we are not m a 
position to state , it may be looked on as an evidence of abnormal cardiac 
response, as healthy hearts quite regularly show a distinct diminution m 
size after exercise 

Various explanations have been advanced to account for the discrep- 
ancy between the increased size of the heart as shown by percussion and 
the actual findings as shown by the more objective methods Herz, 22 
Romberg, 23 Hoffman 24 and other authors have cautioned against the 
fallacy into which one is easily led, especially in cases of overacting 
hearts where the force and transmission of the apical impulse to the 
left, or as some describe it, its “irradiation,” give the impression of 
cardiac enlargement One is more prone to make such an error m 
cases with narrow, flat chests in which the heart has perhaps assumed 
a position absolutely nearer to the axilla because of lessened capacity of 
the thorax, and m which for the same reason the apex-beat has acquired 
a more lateral position m relation to the nipple In addition, on exer- 
tion, with its resultant dyspnea, a transitory emphysema is produced 
whereby the diaphragm is pressed downward, pulling with it the apex of 

21 In the estimation of heart size we have utilized the transverse diameter 
of the heart rather than the superficial heart area, as recommended by Moritz and 
Dietlen, owing to the errors inherent m the latter method 

22 Herz Med Kim , 1903, p 778 

23 Romberg Deutsch med Wchnschr , 1908, No 47 

24 Hoffman Kongress f inn Med , 1902, xx 
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{lie heart, thus creating tile impression o£ enlaigement, which is m fact 
only a displacement These observations have special point m connection 
with oithostatie albnmimuia, m which all obsencrs who have nsed the 
a-i ay foi deteirnmation of heait sire have without exception failed to 
find the heait enlarged, as opposed to those who by percussion frequently 
found the opposite A conciete example m one of our cases null illus- 
trate this liability to eiror* 

Owe 4 is a boy nged 14 years, Ml, rnpidh growing, with tlie flat, narrow 
cliest which wc lime found so frequently in these cases, and winch appears to he 
accentuated at puberty Careful examination shows an overacting heart, a some- 
what diffuse apical impulse, heading m character, the left border percussing one 
finger outside the nipple line 

Such a heait might on purely clinical grounds be considered enlarged 
An orthodiagiam, however, leveals a heait noimal m shape and sire, 
but one which, owing to the nanowncss of the chest, appears to occupy 
moie space than is allotted to the heait in a chest of normal capacity , 
it iheiefoie appeals neaier the axilla, the heait being relatively too 
laige foi the thorax Exactly similai conditions obtain in Case 8, a 
tall nariow-chested 10-yeai-old girl The same explanation will apply 
to our finding so many small lieaits, they are absolutely smallei foi the 
height of the child, but relatively to the narrow chest they are normal 
in size 

TUX JUVENILE HEAHT 

It appears, therefoie, that the foregoing results fail to disclose any 
evidence of cardiac enlargement m the gieat majority of cases The few 
exceptions, liowevei , to one of which reference v r as made m an earlier 
pait of tins article, are worthy of careful consideration, because tliey 
illustrate a definite lieait type which, both as to morphology and func- 
tion, stands m rnaiked contrast to the rest of our cases These are 
Cases 9, 17 and 18 

Although only one of these (Case 18) shows orthodiagraphically a 
definite enlargement of the heait, theie is undoubted evidence of left 
ventriculai hypertrophy m all of them Viewed on the fluoroscopic 
screen one is immediately impiessed by the delibeiate foicible pulsation 
of the left ventricle, by the rounded blunt apex and by r the transverse 
position and oval shape which the heart has assumed (see Fig 1 and 
compaie with Eig 2) These are all classical signs of left ventricular 
hypertrophy, combined m Case 18 with moderate dilatation What is 
the significance of these changes m heart action and shape ? 

TJnder the name of “ Wachstuwi'shypertroplite' ” or juvenile heait, 
Krehl 25 has described a type of case m which an enlarged heart occurs 
at or about the age of puberty, m the absence of nephritis or other 


25 Krehl Nothnagel’s System, xv, 391 
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usual cause of left ventricular hypertrophy In a large senes of boys he 
was able to find a number m whom the heart was enlarged to percussion 
In others in whom no enlargement was demonstrable, there was distinct 
evidence, however, m the heavmg impulse and in the accentuated basic 
sounds, of left ventricular hypertrophy In those eases m which the apex 
impulse was not heaving, although the heart percussed beyond the nipple, 
it was assumed that dilatation predominated over hypertrophy Some 
of these cases had subjective symptoms, others had none, but in Krehl’s 
experience their piesence m every instance was associated with the heart 
changes described 

Our three patients above referred to, only one of whom complained 
of any subjective symptoms, correspond well to the Krehl type They 



Fig 1 — Orthocardiogiam of “Juvenile Heart” Transverse diameter 1 5 cm 
greater than normal Shows transverse position, rounded apex, and deliberate, 
powerful pulsation characteristic of left ventricle hypertrophy 

Fig 2 — Orthocardiogram of normal heart 

comprise a group m which probably only transitory heart changes occur, 
dependent on the disproportionate development of the circulatory organs 
and the rest of the body ' In some cases this leads to an efficient hyper- 
trophy, the heart bemg equal to the increased demands made on it In 
others this hyp ei trophy is insufficient and subjective symptoms develop 

We are still more assured that these three cases correspond to the 
juvenile heart of Krehl, from the observations of Schwartz 20 The latter 
has made orthodiagraphic tracings of these hearts and insists that the 
fluoroscopic appearance above described is characteristic of this condi- 
tion, and that by this means only can it be definitely diagnosticated 
This is a point worthy of emphasis By the ordinary methods of heart 

26 Schwartz In von Jagic’s Handbueh der Herz und Gefasserkrankungen, 
Vienna, 1912, p 436 
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examination the pure hypertrophy without caidiae enlaigement m these 
cases might easily be ovei looked, wheieas the above-described character- 
istic heait silhouette effectively decides the diagnosis 

EXAMINATION OE HEART RATE AFTER EXERTION 

All who have written on the subject of oithostatic albuminuria aie 
agieed that m the cases chaiactenzed by caidiovasculai disturbances, the 
most constant feature is the i an ability of the pulse, its so-called “labil- 
ity” (instability) By this term (German "Labihiat”) is understood 
the tendency of the pulse to become much moie rapid and poor in 
quality after very slight exertion In cases showing this phenomenon, 
after simple exercise, as lunnmg up and down a few flights of stairs, it 
may be impossible to count the pulse at the wnst, owing to its extreme 
rapidity and smallness In its most rnaiked form, change m posture 


Table 3 — Pulse Rate Recumbent, Standing and Atter Exercise in Cases 

or Orthostatic Albuminuria* 


Case 

Pulse 

Pulse 

Pulse 

Case 

Pulse 

Pulse 

Pulse 


Rate in 

Rate 

Rate 


Rate m 

Rate 

Rate 


Recumbent 

Stand- 

after 


Recumbent 
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Exercise 


Position 

ing 

Exercise 

1 

08 

72 

124 

1G 

72 

80 

144 

2 

78 

80 

100 

17 

08 

72 

130 
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92 
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4 

92 
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5 
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70 

72 

22 

70 

88 

84 
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80 
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152 

23 

84 

100 

88 

7 

78 

80 

128 

25 

1J0 

100 

96 

8 

88 

100 

108 

20 

80 

84 

100 

9 

88 

8S 

132 

27 

80 

80 

100 

10 

90 

104 

144 

30 

120 

120 

120 

11 

80 

84 

148 

31 

88 

90 

132 

12 

90 

120 

172 

32 

80 

112 

160 

13 

100 

104 

? 

33 

80 

88 

96 

15 

140 

140 

195 

34 

80 

80 

10S 


*Cases I to 15 are those ■which show cardiac symptoms or physical signs 

from the recumbent to the upnglit is said to result in a disproportmate 
rise m pulse-rate To this symptom Thomayer gave the name “ortho- 
static tachycardia ” Bischl 13 found this instability to be an almost con- 
stant symptom, the pulse becoming smallei and more rapid by 25 to 30 
beats, while Pelnar 27 m sixteen cases was able at times to note an actual 
doublmg of the pulse-rate The effect on the pulse of the change of posi- 
tion from the honzontal to the upright is of special interest, because the 
albuminuria m these cases is so closely related to posture 

In Table 3 m the first column are given the pulse-rates in the reclin- 
ing position The rates resulting from a change to the upright posi- 
tion are seen in the next column These figures show in the first place 


27 Pelnar Centralbl f inn Med , 1905, p 1025 
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that practically all the patients have approximately normal heart-rate 
when resting The increase in rate on standing m the entire gronp 
varied between 0 and 32 (average 7) In the cases showing cardiovas- 
cular disturbances the increase varied from 0 to 24 (average 7) It will 
be seen that the cases showing symptoms differ m no wise from the 
remainder of the group of albuminuncs. We have as a control examined 
the pulse-rates m ten perfectly healthy normal children 9 to 14 years 
of age, and found that the rate after changed positions was increased 
from 0 to 16 beats (average 8 4), m other words, slightly greater 
increase than m albummurics The increase m rate m our cases of 
albuminuria can therefore m no manner be considered excessive 

There are also numerous figures available for companson m the 
literature Dietlen 28 in adults finds a normal variability of 8 to 40 beats, 
with an average of 18, G-uy 29 found a range of 4 to 44 and Shapiro 30 
10 to 30 beats It is therefore evident that our cases do not show any 
marked instability on change of posture We have no doubt that unusual 
environment and the nervousness attendant on it, which we have taken 
pams to eliminate, can easily lead to error, as those hearts which at rest 
are unduly rapid show a proportionate increase on change of posture 

In the third column of Table 3 are tabulated the pulse-rates after 
exercise, which consisted m running up and downstairs, as noted before. 
The average increase m the cases with cardiac disturbance is 48 beats 
per minute, whereas, m the remainder the pulse-rate increased but 22 
beats per minute Eesults such as this would at first glance seem to 
point clearly to an abnormal irritability of these hearts and would 
seem to correspond well with the description given by the Germans to 
cases of pulse instability However, when we examined the pulse-rates 
m perfectly normal children used as controls, we were much surprised 
to find that m them the increase m rate even exceeded that occurring m 
the orthostatic albuminuria cases, the healthy children showing an aver- 
age increase of 50 beats per minute Mere numerical increase m pulse- 
rate, therefore, cannot be taken as a criterion of instability in these cases 

From all the foregoing it might be suspected that our cases are m 
reality not of the same class as described by Martius as dilatative weak- 
ness, since we have shown that both as to heart size and pulse-rate our 
results are not m accord However, when we take into account the 
character of the pulse before and after exertion, and especially when we 
compare the pulse with the cardiac action, both as evident to inspection 
and to the #-ray, we are impressed by the fact that our cases and those 
of Martius are the same A large percentage of our patients after run- 

28 Dietlen Deutsck Arch f klm Med , 1909, scvn 

29 Guy Guy’s Hosp Reports, 1838 

30 Shapiro WTatsch, 1881 (quoted by Dietlen) 
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mng the stairs presented a characteiistic picture of extreme fatigue and 
dyspnea The pulses, which had previously been fairly strong, became 
weak and thread}', so that m scveial instances the pulse could not he 
counted at the wust At times iriegulanty of the pulse also occurred 
Hot only was the apex impulse m many of these children with weak 
pulses extremely forcible, but the T-ray revealed markedly overacting 
hearts This paiadoxieal condition of pulse and apex, which has been so 
frequently emphasized by European observeis, theiefore appears to be a 
characteristic symptom of this condition 

EXAMINATION Or THE SHAVE OF THE HEART 

Aside from the information we have acquired concerning the size 
and functional capacity of the heart, T-ray study of our cases has revealed 
some interesting features concerning heart shape It is well known from 



Fig 3 — Ortliocardiogram of “Diop Heart” Transverse diameter 8 8 cm 
Normal is 12 5 cm Note position of fiftli rib 

the works of Veith and Eeylier 31 that the commonest form of the heait 
silhouette m childhood is that of an obliquely placed oval (Eig 2) , less 
commonly hearts of a rounded shape occur, and still more rarely the 
heart assumes either a transverse or a vertical position The study of 
the heart shape m our cases shows in quite a number a striking deviation 
from this normal type This abnormality consists in the tendency that 
the heaits show to assume a more median position m the chest, the apex 
of the organ appearing relatively lower, thus causing a vertical position 
of the heart axis This gives the heart a drawn-out, narrow appearance, 
which, coupled with the elongation of the great vessels, results in a dis- 
tinctive heart picture which has been aptly termed by the Germans the 
drop heart ( Tropfenherz ) This condition (Eig 3), or one closely 


31 Reyher Jahrb f Kmderh , 1906, Ixiv 
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approaching it, we have found m ten of our cases, about 30 per cent, 
contrary to the report of Fischl, 13 who was unable to find such hearts 
in cases of orthostatic albuminuria 

The drop heart has for many years been well known to the Germans, 
especially through the writings of Kraus, 32 by whom it has been asso- 
ciated with narrow-chested individuals, showing the neurasthenic habitus, 
who reveal various stigmata of constitutional weakness m which the 
heart is supposed to participate Our findings, therefore, of such a large 
percentage of vertical or drop hearts is of particular interest, m view of 
the fact that it occurs in the very type of child which Martius has 
characterized as constitutionally weak 

♦ 

CONCLUSIONS 

Reviewing buefly the results of our investigations, we believe the 
following conclusions are warranted 

1 In a series of cases of orthostatic albuminuria selected at random, 
it will be found that a considerable number present evidence of relative 
cardiovascular insufficiency 

2 These symptoms, m the great majority of cases, are not associated 
with any hypertrophy or dilatation of the heart On the contrary, the 
heart is m many cases smaller than normal, nor does it show any gross 
evidence of weakness as dilatation after exercise, an explanation sug- 
gested by previous investigators 

3 'Although the hearts do not dilate after exercise, a considerable 

number of them fail to become smaller under these conditions This 
failure to contract may perhaps be looked on as a restriction of the fiel« 
of cardiac response *• " ^ 

4 The condition known as the juvenile heart or “ 
trophie” occurred three times m our cases and 

* m 
impalp 

hearts of 

■ b 


recognized 

5 The conception of pulse or he 
a tendency of the pulse to become » 
a condition which we have found very 

6 In 30 per cent of the cases we lia 
especially associated with other stigmata 
ment 

In conclusion we wish to egress our 
department of Mount Sinai Hospital for, 
during the course of our work 

54 West Ninety-First Street — 122 
, ? 

32 Kraus Med khn , 1905, No 50, 



A PRELIMINARY REPORT ON THE EFFECT OF STRYCHNIN 
AND DIGITALIS ON MAN * 

DAVID MARVIN’, M D. 

BURLINGTON, \T 

It is not the object of tins article to enter into a discussion of the 
■effect of strychnin or digitalis on the systems of the body as observed on 
the lower animals, or to go over the literature on the subject, but to 
repoit observations when these drugs weie administered m therapeutic 
■doses to normal young men 

Before entering on a report of the findings, I desire to call attention 
to the fact that text-books on phaimacology and highly scientific articles 
pertu mug to this subject are based largel}" on expenmental evidence 
furnished by the lower animals This evidence has been and is of 
inestimable value m detei mining the presence and the location of an 
effect and establishes a valid reason for a continuance of the experi- 
mental work by making obseivations on the higher animal, man. 

In a very few instances observations have been made on the normal 
man and the effect as seen lias been reported In nearly all cases, how- 
ever, such observations have been on a single case or on a number of 
such cases under different conditions, thus making the results of little 
value It is only when conditions are identical that a composite cuive 
becomes of value I question the advisability of accepting m all cases the 
evidence of an effect on respiration, pulse and blood-pressure furnished 
by the lower animals as satisfactory proof of a similar action m man 
I have arrived at this conclusion aftei careful observations of the effect 
of some of our most important drugs on groups of men and a comparison 
with the scientific findings on animals 

I am inclined to believe that this may be the main reason why 
pharmacologists and clinicians have held opposite views legardmg 
important drugs, the pharmacologist furnishing conclusive scientific 
proof of action as based on the lower animals, while the clinician has 
failed to furnish the necessary scientific proof on the diseased man 

I think that the time is at hand when pharmacologists should estab- 
lish scientific proof of the effect of important drugs when administered 
in different doses on the normal man, not that we can infer that a 
■similar action must necessarily follow m the diseased man, but, from the 

•From the Department of Pharmacology, College of Medicine, University of 
Vermont 

•Manuscript submitted for publication m The Archives, Feb 4, 1913 
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evidence thus furnished, we will be m the best possible position to study 
the effect on the diseased man, compare the results and deter min e 
wherein they differ Until this evidence is forthcoming we cannot expect 
that pharmacology will be placed on a highly scientific basis 

STKYCHNT1T 

Strychnin and digitalis are two impoitant drugs, the effect of which 
seems to have been m doubt, as voiced by both pharmacologists and 



Chart 1 — Curves showing the effect at various time intervals of strychnin m 
different doses on the respiration 


clinicians, the majority of pharmacologists claiming that strychnin and 
digitalis do not mciease blood-pressure while some clinicians claim to 
have seen such effect In view of this fact and the desire to add to the 
evidence, I submit the following observations made on groups of medical 
students m the University of Vermont who willingly volunteered their 
services Selection was made to exclude those who were under the 
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influence of mcotm They weie all seated at tables m the laboratory 
and remained very quiet throughout this entire experiment, thus making 
the conditions identical About twenty minutes were allowed to elapse 
before beginning observations, thereby permitmg respiration, pulse and 
blood-pressure to return to noimal Tlnee noimal observations were then 
taken The respiration and pulse were taken by students of the section 
who were not takmg the drug, while the blood-piessure m all cases was 
taken by my assistant or myself 



Chart 2 — Curves showing the effect at various time intervals of strychnin m 
different doses on the pulse-rate 


After completing the normal observations, strychnin sulphate was 
injected by hypodermic into the muscular tissue of the upper arm 
Observations were then made every five minutes on respiration and pulse 
and every ten minutes on blood-pressure 

These experiments were conducted on three different days, each time 
using a different dose of strychnin sulphate 
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June 3, 1912, at 9 13 a m, ten men of Section A received 1/20 
gram. 

June 5, 1912, at 11 25 a m, ten men of Section B received 1/30 
gram 

June 22, 1912, at 11 15 a m, ten men of Section B leceived 1/40 
gram 



Clnut 3 — Cuives showing the effect on blood-pressure of different doses of 
stiychmn 


Nearly all who received 1/40 gram were men who did not receive 
the drug on June 5 

The result of these experiments seems to indicate that strychnin m 
doses of 1/40, 1/30 and 1/20 gram has no appreciable effect on the rate 
of respnation (Chart 1) There is an average slowmg of the pulse-rate 
of five beats per minute from 1/40 gram, seven beats per minute from 
1/30 gram and eight beats per minute from 1/20 grain (Chart 2) The 
maximum effect from 1/40 and 1/30 gram seems to have been reached 
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at the end of forty mmntes,, while from 1/20 gram the composite cuive 
shows a downward tendency at the end of the experiment. 

The blood-pressure curve, taking the last normal observation as our 
standaid, shows an increase of about 3 mm of mercury from 1/40 gram, 
13 mm fiom 1/30 gram and 8 mm from 1/20 gram. 

It will be noted from the giaphic cliait (Chart 3) that there was a 
slight increase m blood-piessuie fi om 1/40 gram, a pronounced increase 



Chart 4 — Curves showing the effect of digitalis on respiration, pulse and 
blood-pressure 


from 1/30 and 1/20 gram and at the end of the experiment, the blood- 
pressure was increasing 

I believe that this evidence, obtained from thirty observations with 
varying doses, is conclusive proof that stiyehnin, when given m the 
above doses by hypodermic injection, does increase blood-pressure m the 
normal man 


I 
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A former series of similar experiments conducted m like manner, 
with the exception of the method of administration, the strychnin being 
given nnder the tongne, produced identical results The duration of 
effect was shorter, the blood-pressure returned to normal in forty 
minutes from 1/30 gram and m one hour from 1/20 gram 

DIGITALIS 

From experiments on groups of men conducted in like manner as in 
the strychnin experiments, we have failed to obtain any effect on the rate 
of respiration or pulse or any change m blood-pressure during one hour 
and twenty mmutes following the administration of tincture digitalis. 

The doses were 10, 15 and 20 minims, given by stomach 

These results were anticipated from the knowledge of the active 
principles present in digitalis and the consensus of opinion as to the time 
after its administration before an effect is supposed to occur 

Having thus failed, we determined to conduct an experiment with a 
group of men, taking observations twice each day The object of this 
experiment was, first, to establish the presence of an effect, if any, from 
a single dose, and second, if an effect was noticed, to determine how long 
it continued 

The preparation used during these experiments was a fresh tincture 
made from Allen’s English leaves on April 12, 1912, by W H Zottman & 
Co of this city After obtaining results from this tincture, I desired that 
it be standardized by a disinterested person, using the same methods as 
are used by the large manufacturers Mr P S Pettenger of the H K 
Mulford Co kindly volunteered to standardize it on guinea-pigs, which 
he did, finding it to be a 6 9 per cent tincture Prom this we conclude 
that the dose of 20 minims given was equivalent to about 14 minims of a 
standard tincture Therefore the results obtained should be considered 
as produced by 14 minims instead of 20 

A group of men were selected on May 20, 1912, under similar con- 
ditions as m the strychnin experiments, and, after obtaining the normal 
observations, they were given at 9 30 a m 20 minims of the above 
tincture digitalis 

At 2 30 p m on the same day, after this group had listened to a 
lecture for one period, and, from previous instructions, had remained 
quiet in their seats, observations were repeated on respiration, pulse and 
blood-pressure 

These observations were repeated on May 23, m the same room and 
under identical conditions, at 10 30 a m and 2 30 p m , also on May 
22 at 10 30 a m 

The observations on respiration and pulse were made by students, 
while all observations on blood-pressure were made by myself 

A change in the schedule of this group on the afternoon of May 22 
interfered and observations were not made until May 23 at 10 30, when 
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the average blood-pressure was found to be normal This last observation 
is excluded fiom the graphic chart 

After a careful study of our findings, I determined to repeat the 
experiment under similar conditions, but with a different group of men 
and haie Di. Bush, my assistant, take all observations on blood-pressure, 
that he might disprove or venfy my findings This was done on May 27, 
28 and 29 

The results fiom this group were found to correspond with our first 
gioup, as will be seen from the giaphic chait which represents all obser- 
vations (Chart 4). 

It will be noted that an aieiage increase m blood-pressure of 13 mm 
Hg occurred, which reached its height m fine hours, and that it did not 
return to normal until after fifty hours had passed. 

This increase occuned m seventeen out of eighteen cases, and m 
thirteen the greatest effect was noticed at the end of file hours, thus 
proving that the old idea of the maximum effect appearing in twenty- 
four hours is erroneous 

A slowing m the pulse of eight beats per minute wns obtained with 
prac .'oaliy no effect on rate of respiration 

Controls were used m all these experiments, which show little or no 
variation from a straight line Such slight variation as occurred did 
not conform to the composite curve showing drug effect 

I regret that the stiychmn experiments were not conducted over a 
longer period of time, that the maximum height m blood-pressure and 
its duration could have been determined, but this was made impossible 
by our schedule It is my purpose to conduct further experiments m the 
near future with this idea m view 

bummaby 

STRYCHNIN 

Ho effect on the late of respiration, except from 1/20 gram, which 
produced an average increase of one per minute This effect was not 
constant, a drop occurred occasionally, which was due largely to individ- 
ual fluctuations occurring at the same time and without apparent cause 
A slowing of the pulse-rate from all doses 

A marked increase m blood-pressure from 1/30 and 1/20 gram 
Practically no effect from 1/40 gram 

DIGITALIS 

Ho effect on the rate of respiration 
A slowing m the pulse-rate of eight beats per minute 
A marked increase m blood-pressure which reached its maximum m 
five hours, gradually returning to normal after fifty hours 

A persistence of action for fifty hours from a single dose of 14 
minims of a standard tincture digitalis 



HUMAN BOTEYOMYCOSIS OP THE LIVEE ! 


EUGENE L OPIE, MD 

ST LOUIS 

The disease of horses subsequently known as botryomyeosis was first 
described by Bollinger 1 m 1870 He found multiple grayish-white fibrous 
nodules m the lung of a horse Areas of softening oceuired wit hin the 
nodules and m the pus were yellow white granules which were just visible 
and resembled the yellow granules of actinomycosis Examined under 
the microscope these granules do not exhibit the characteristic appear- 
ance of the "ray fungus/ 1 but are composed of coccus-like bodies sur- 
rounded by a homogeneous medium, which, regarded as a capsule, collects 
the microorganism mto a zooglea mass On the surface of the granule 
are rounded projections which give it a mulberry-like form A disease 
characterized by the presence of this microorganism is not uncommon m 
horses and m some countries, particularly m the tropics, a fleets the 
human skin The disease m man has not been described m this country 
and m none of the instances observed elsewhere has it attacked an 
internal organ 

Botryomyeosis is described m text-books of veterinary medicine 2 It 
occurs occasionally in cattle and swine Several writers make the state- 
ment that actinomycosis is not uncommon m cattle and infrequent m the 
horse, whereas, the similar lesion of botryomyeosis is frequent m the 
horse and uncommon m cattle Pirm nodules are formed m the skin, 
particularly m legions where it is subjected to continued rubbing of the 
harness , for example, below the collar, and after the skm has broken and 
pus is discharged, infection is transferred to other parts of the skm 
exposed to like f notion, the microorganism being, presumably, rubbed 
into the ducts of cutaneous glands Infection of wounds occurs and the 
development of a slowly growing fibrous tumor or botryomycoma has 
been repeatedly observed m geldings at the site of the cut end of the 
spermatic cord Botryomyeosis occurs m organs not obviously exposed to 
infection, for example, the udder 

* Accepted for publication m The Archives, Jan 31, 1913 

* From the Department of Pathology, Washington University Medical School, 
St Louis 

1 Bollinger Mycosis der Lunge faeim Pferde Virchows Arch f path Anat , 
1870, xlix, 583 

2 Hutyra and Marek Pathology and Therapeutics of the Diseases of Domestic 
Animals (Translation) Chicago, 1912, Kitt Lehrbuch der pathologischen Anat- 
omie der Haustlnere Stuttgart, 1906-1910 
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The newly-formed mass of fibrous tissue is usually situated in the 
subcutaneous tissue, but may extend into the muscles Tumor-like 
masses, weighing from 30 to 60 pounds, are described The lesion arising 
at the cut end of the spermatic cord may extend along the inguinal canal 
to the peritoneum The swelling consists, m large part, of dense fibrous 
tissue, but all the elements of an infectious granuloma, including epith- 
elioid and giant cells, aie repiesented Formation of pus occurs par- 
ticularly about the colonies of microoigamsms, and fistulous suppurating 
canals often penetrate the lesion and open on its suiface Numerous 
nodules may be formed m the skm near the primarj lesion Regional 
lymphatic nodes may enlarge and form foci of suppuration, but more 
frequently the lymphatics and lymphatic nodes are unaffected 

Botryomycosis of the horse occasionally occurs in the internal organs 
and is usually secondary to infection of the skm or of a wound Primary 
botryomycosis of mtemal organs has been observed rarely Secondary 
nodules have been found m the kidnej’s, Iner and spleen, in bones and m 
other organs usually m association with infection of the spermatic cord 
Simultaneous development of the lesion m a number of organs has been 
observed m several instances. 

Peculiar to botryomycosis are the minute yellowish-white lobulated or 
mulberry-like granules composed of cocci held together by a homogeneous 
material winch is often conspicuous as a clear layer at the periphery of 
the body, the whole having the appearance of a colony of micrococci 
W Ernst 3 pomts out that the smallest masses of cocci are not surrounded 
by the encapsulating material which stains with acid dyes such as eosm 
or picric acid, but form this material at a later stage The rounded 
projections on the surface of these bodies giving them their mulberry-like 
form are produced by multiplication of cocci withm the capsule, distend- 
ing and rupturing it at certain points, for m favorable sections he found 
bacteria uncovered by the homogeneous material projecting through this 
otherwise intact medium. 

To the peculiar colony-like structure which has been described, 
Bollinger, findiug it m the lung, gave the name Zooglea pulmonis cqm 
Bivolta 4 subsequently rediscovered the same microorganism m a tumor 
from the cut spermatic cord of a horse, and considering it analagous to 
Actinomyces , gave it the name Discomyces cqm Johne 5 6 found the micro- 
organism m a fungoid growth from the spermatic cord of a horse and in 
nodules of the skin, and recognizing its coccus form, called it Micrococcus 
ascof ormans In 1886, Babe 0 first described cultures and inoculation 

3 Ernst, W Centralbl f Baktenol , 1908, xlv, Part 1, 121 

4 Rivolta Giorn di anat e fisiolog, 1884, x, 10 Quoted by Baumgarten 

5 Johne Ber uber d Vet m Komgh Sachaen ftir 1884, Dresdon u f 1886 
and 1887 Quoted by Galli-Valeno 

6 Babe Deutsch Ztscbr f Tieraed, 1886, xn, 137 Quoted by Galli-Valeno 
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expel lmenis made with material obtained from the lesions of the horse 
The mierocoecns which he obtained formed silvery gray colonies, and 
these later assumed a yellow tint, an opaque yellow layer developed on 
potato Stabbed into gelatm what was regarded as a characteristic change 
occurred; about the line of inoculation theie was feeble liquefaction, a 
cup-like cavity shaped like a tulip bemg formed near the surface All 
cultures had an odor recalling that of strawberries No capsule resem- 
bling that seen m the tissues was formed m cultures Inoculation into 
small animals caused immediate death or formation of an abscess In 
the horse, howevei, a tumor similar to that which occurred spontaneously 
was produced at the site of inoculation and contained the characteristic 
capsulated masses of micrococci Eabe named the microorganism Micro- 
coccus botiyogenes Similarly successful inoculation experiments have 
been pei formed by Kitt , 7 de Jong 8 and others, but the distinctive cultural 
characters described by Eabe have not been confirmed 

Kitt regards the organism as a variety of Staphylococcus pyogenes 
aureus Galli- Valerio , 9 who has studied the cultural characters of an 
organism obtained from a typical human lesion of the skm containing 
characteristic masses of cocci, has found no distinctive cultural peculi- 
arities and agrees with the view of Kitt Poncet and Dor 10 first isolated 
the organism from a human lesion of the skm and produced on the udder 
of a she-ass a pedunculated growth which was not examined microscopi- 
cally, they regard the microorganism as a distinct species Baumgarten 11 
expresses the view that the microorganism is undoubtedly a distinct 
species belonging to the same group as Staphylococcus pyogenes aureus , 
but regards as distinctive its capacity to form within the tissues a 
gel atmous membrane about colonies of cocci This view being accepted, 
the term botryomyces is not applicable to the microorganism The name 
botryocycosis applied to the disease is, like actinomycosis, firmly estab- 
lished m the literature of the subject 

The following case is described because, m the first place, doubt has 
been expressed concerning the occurrence of botryomycosis m man (see 
section on pseudobotryomycosis) The case, moreover, is apparently the 
first recorded instance in which the disease m man has attacked an 
internal organ, m this instance the liver Since the disease, it appears, 
has not been observed m this country, the case may direct attention to 

7 Kitt Centralbl f Baktenol , 1888, m, 177 Monatscb f prakt Tierlieilk 

8 De Jong Diss Giessen, 1899 Quoted by Baumgarten 1890, i, 148 

9 Galli-Valerio Centralbl f Baktenol , 1902, xxxi, Part 1, p 508 

10 Poncet and Dor XI congr frangais de chirurgie, Paris, 1897, Lyon m6d, 
1897, No 43, p 213 and 1898, No 5, p 145, Areb gen de m£d , 1900, in, 129, 274 
Quoted by Galli-Valerio 

11 Baumgarten Lehrbuch der patbogenen Mikroorganismen, Leipzig, 1911 
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other instances of the same condition There is no complete reeoid of 
the autopsy performed on the patient Unfoitunately no cultures were 
made at the time of autopsy 

case REPORT 

Tlie patient, a girl aged 11 years, from Snbula, Mo, \sas admitted to the 
St Louis Children’s Hospital Aug 27, 1010, m the service of Dr George M 
Tuttle, who has kindly permitted me to make use of the accompanying history 
History — The mother of the child is said to have died of tuberculous pneu- 
monia She has a father and one sister m good health 

In the spring over one year before her admission the patient had scarlet fever 
and has not been veil since that time She has been losing weight and strength 
since last Kov ember, when she is thought to have had malaria Iler appetite has 
been poor and at times she has had fever She has had severe pain in the 
abdomen and there has been pain at times m the right side, at times m the left 
Ho horses m the vicinity are known to lia\e been diseased The patient 
received milk from a neighboring farm, one cow of the herd showed signs of 
sickness during the fall and died the following spring "with a wasting disease 
that affected her water ” 

Examination — On admission the patient was a well dc\ eloped girl but weak 
and emaciated, having the appearance of a child much older than her real age 
The skm was jaundiced and dry and the superficial reins were everywhere much 
congested Over the body there was desquamation of the epidermis, and scattered, 
numerous small ulcers about the sire of a pin's head 

The entire epigastric region was distended by what appeared to be a hard, 
irregular mass continuous with the In or and extending into the left hypo- 
chordiac region The edge of the lner was tlnn, extended a half finger’s breadth 
below the costal margin in the mammaiy line and approached to within about a 
centimeter of the crest of the ilium m the axillary line There was marked 
rigidity and tenderness over the entire abdomen, most severe m the epigastric 
region and in the neighborhood of the left kidney where the pain was so severe 
that palpation was impossible 

Respiration was rapid, 40 to the minute, and very shallow With deep 
respiration there was pam referred to the swelling m the epigastrium The 
intercostal spaces, the depressions above and below the clavicle, and the supra- 
sternal notch were much depressed There was well-marked bulging of both 
sides of the chest at its base, more marked on the right side Auscultation and 
percussion gave no noteworthy information The apex beat of the heart was dis 
placed to the left and was found just outside the nipple line 

While m the hospital the patient gradually became weaker Her appetite 
was fairly good She passed copious soft white or yellow stools A stool 
examined August 31 was grayish-white and contained fat crystals in abundance, 
there were no bile pigments ** 

The temperature was invariably between 97 and 98 8 C save on the second 
and third days after admission (100) and on the third day before death (100) 

The blood examined on August 29 contained 3,272,000 red blood corpuscles, 
GO per cent hemoglobin and 28,400 leukocytes 

The urine while the patient was in the hospital has the following characters 
Specific gravity, 1008 to 1015, albumin, present, bile pigments, present, sugar, 
absent, there were granular casts and a few leukocytes 

The patient became unconscious on the morning of September 8, and died with 
slow, gasping respiration three hours later 

Necropsy — A necropsy was performed by a hospital intern A note stated 
that more than half of the liver substance was involved by a tumor like lesion 
which was firm and contained cyst-like cavities filled with pus Similar abscesses 
were found elsewhere There was hydrops of the gall-bladder Only the livei, 
which was put m Kaiserlmg’s solution, was preserved 
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Livei On the uppei suiface of the livei neai the postenoi boidei below and on 
eitliei side of the falciform ligament is a large, lnegular, puckered aiea approxi- 
mately 10 cm acioss, wlieie the tissue has a deep yellow coloi broken by giayish 
depiessed spots At the margin of this aica sunoundmg it aie low lounded 



Fig 1 — Photogiaph of the cut suiface of the livei with boti yomycosis The 
centei of the lesion consists of fibrous tissue, in the penplieiy aie abscess cavities 



jTjg 2 — Miciopliotogiaph showing a boti yomycotic gianule sui lounded b\ pus 
and within a cavity the wall of which is foimed bv newly-foimed fibrous tissue 

confluent elevations of the livei substance often 2 oi 3 cm acioss The centei s 
of these elevations aie soft, have a yellowish tint and conespond to abscess 
cantiea m the underlying tissue The surface of the Inei neai these abscesses 
shows m places bluish led discoloiation Remains of adhesions aie attached to 
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the smface of the livei it the site of the lesion Section made tians\eiM>h 
tlnough the Inei (Fig 1) shout, that an immense tmnoi like nines has lephec'd 
the gieatci pait of the substance of the oigm 'J he cut sui f vee of the lesion 
lues on megulai 1a senncnciilai foim with its base coi icsjionding to the upper 
smface of the lnei Bands of fihious tissue ladmte fiom the cential pmt of 
the base uliich is lepiesentod In the niegnlai puckeied niei seen on the tipper 
smface of the oigan 'J he tissue composing the lesion a mo m difleient pints 
Immedieteh belou the puckcicd supoiheial aiea pist mentioned theie is a inn on. 





Fig 3 — DiauiUg showing a botnoimcotie gnunile composed of coccus like 
bodies held togethei In a homogeneous substance which forms i cipsulc 



Fig 4— Diawmg showing phagocytic cells containing clioplets of fat 
Fig 5 Diawung showing laige fat containing cells which occur in laige 
numbei within the newdyfoimed fihious tissue 

megulai zone of tough, fihious tissue The tissue below occupying the center 
of the lesion is firm \nd consists of opaque a el low lintenal bioken bA numerous 
fihious bands winch in geneial ladiate toward the penpheiy of the lesion Fur- 
thei outward the tissue is less dense and theie aie numeious small canties filled 
with soft, pmulent matenal In some places the caiaties foim megulai, elongated 
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communicating cliannels or sinuses separated by dense fibrous tissue At its 
periphery the lesion lias a honey-combed appearance and in places there are large 
abscess cavities The largest of these cavities is 2 cm across, it is filled with 
sott yellowish pus and is lined by yellowish membrane about 0 5 mm in thick- 
ness n section not more than one-third of the area is represented by normal 
liver tissue In this liver tissue lobulation is obscure and there is a greenish 
tint as if due to jaundice In the right lobe of the liver outside of the mam 
mass of the lesion are two large portal spaces within which is an elongated 
channel with opaque yellow wall containing purulent material Scattered m the 
i emamder of the lobe are minute abscesses collected together m several groups 

The gall-bladder was found at autop’sy to be distended, but otherwise showed 
nothing noteworthy 

Microscopical Examination of Liver — The liver substance is replaced by 
masses of dense fibrous tissue m which are cavities containing polynuclear leuko- 
cytes and other cells surrounding conspicuous masses of coccus-like bodies 
(Pig 2) The fibrous tissue varies considerably, being m places dense and poor 
m cells, elsewhere loose in texture and richly infiltrated with cells In this con- 
nective tissue occur masses of large cells distended with fat and so abundant that 
they give to the tissue the yellow color mentioned above The size of the abscesses 
and sinuses which contain the colonies of microorganisms varies greatly, and m 
the older parts of the lesion there are wide channels containing leukocytes and 
surrounded by fibrous walls rich m cells There is no abrupt line separating 
the lesion from the liver tissue which persists Liver cells at the margin 
of the lesion are compressed, atrophic and often contain abundant brown yellow 
pigment Thickened strands of fibrous tissue separate these cells and m the 
adjacent relatively normal liver substance fibrous tissue of the portal spaces 
is considerably thickened 

Botryomycotic granules vary in abundance and size m different parts of the 
lesion Three masses, each visible to the naked eye m the stained specimen, 
the largest being approximately 1 mm in. length, are grouped together m one 
field of the low power (Obj 3, Oc 1) These masses are composed of bodies 
resembling staphylococci (Fig 3) which stain deeply with either hematoxylin 
or methylene-blue At the edge are the megular rounded projections which 
give a mulberry-like form to the entire mass when examined m fresh pus In 
some instances the larger bodies m section appear to be separated into several 
isolated masses Micrococci appear to be less densely packed together at the 
center of the mass, which stains less deeply than the outer part Between 
the cocci is what appears as a homogeneous background which stains with 
eosm or picric acid (van Gieson’s stain) In many instances particularly 
about the larger bodies, this homogeneous material is conspicuous at the edge 
formine a kind of capsule separating the cocci from the leukocytes about 
The distinctness with which this clear zone can be made out varies much, m 
places it may be wholly lacking The cocci exhibit some variation m size 
and particularly at the margin of the colony minute microorganisms are found 

Immediately about the botryomycotic granules polynuclear leukocytes occur 
m large number (Fig 2) Adherent to the surface of the mass red blood 
corpuscles aie frequently seen In most instances it is obvious that the 
botrvomvotic granule lies m a small abscess cavity surrounded by pus, for m 
its immediate neighborhood tissue has disappeared and the purulent exudate 
(in the hardened tissue) has occasionally retracted from the surrounding wall 
of fibrous tissue Leukocytes are usually well preserved, but m places a moderate 
number have lost their nuclei and are m process of disintegration Polynuclear 
number nav mses ted eoccus-like bodies similar to those which form 

leukocytes wh f JL ent Scattered cocci are occasionally found outside 

m sue h instances the leukocytes m the immediate neighborhood are 

m pait necrotic 
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The wfl.ll of the abscess is formed In fibrous tissue containing numerous cells 
In contact with the cavity aic large colls with large oval or shghtlj irregular 
vesicular nuclei and abundant piotoplnsm 'i hcse cells (macrophages) au* 
phagocytic and contain within their substance red blood corpuscles, nucleai 
fragments and remains of cells, still recognizable ns pohnuelenr loukocites 
(Fig 4) They occasionally contain cocci similai to those which form the 
colonies The regulauty and thickness of tins zone of mononuclear cells varie;, 
greatly The loose fibrous tissue m the wall of some large abscess cavities 
is thickly infiltrated ovei a wide area with cells having the characters just 
described Many of these cells arc of verj large size, foui 01 five times the 
diameter of a polynuclear lcukocjtc and distended with the remains of mans 
ingested cells, some of which arc still recognizable ns pohnuelenr lcukocitos 
Similar cells are, in places, vacuolated, \ncuo1cs being formed bv fat iccogmz 
able by the usual reactions 

In places the connective tissue, perhaps in contact with the zone of plmgocvlic 
cells surrounding an abscess, is closclj packed with verj large cells, whose 
protoplasm is replaced by \acuoleb These vacuolated cells occurring m the 
meshes of loose fibrous tissue gne it some resemblance to adipose tissue The 
nuclei of these cells (Fig 5) aie o\nl or slighth irregular m outline and situ 
ated near the center of the cell Hie protoplasm stains fnintlv. being almost 
entirely replaced by \acuolcs which mnj be so small that they gne the proto 
plasm a finely granular appearance or so large that thej distend the cell » 
Occasionally these vacuolated cells are unusuallj large and have several nuclei 
from two to as many as six, collected neai the center of the cell In tissue 
containing these large vacuolated cells plasma cells occui scattered m consider- 
able number among them Sections of the dense jellow tissue (see description 
of gross appearance) containing masses of the vacuolated cells which lia\c been 
described, exhibit when stained with Scnrlach R oi Sudan III, large led aren« 
occupying a considerable proportion of the tissue Microscopic examination 
show 0 taat the cells which by usual methods are vacuolated are filled with 
fat in large or small droplets, in osmic acid preparations these globules aie 
black Areas m which the fat containing cells occur jn great abundance are 
usually m contact w ltli zones containing recognizable macrophages nnd surround- 
ing foci of suppuration Transitions from macrophage to vacuolated cells are 
readily found The latter appear to be macrophages which have persisted in 
the meshes of the newly formed fibrous tissue and hare undergone advanced fattv 
degeneration 

In some spots botryomycotic granules are in process of destruction and the 
surrounding suppuration is m process of disappearance or lias completelv dis- 
appeared The central coccus-like body may be relatively small, the surrounding 
tissue may contain no nuclei and appear hyaline If a cavity persists about 
the mass of microorganisms polynuclear leukocytes are scant nnd mononuclear 
cells have increased at their expense At a later stage both types of cells have 
m large part disappeared, the surrounding cavity is absent, and the fixed tissue 
has approached to the immediate neighborhood of the colony In contact with 
the mass of coccus like bodies is a tissue composed of a fibnllated ground-work 
and elongated spindle-shaped cells with oval vesicular nuclei These cells have 
the characters of so called epithelioid cells of the tubercle, and m general 
duected with their long axes pointing to the central mass, form a zone sur 
rounding the colony In this zone may occur one or more multmuclented giant 
cells with many nuclei scattered throughout the cell Outside of this zone 
is white fibrous tissue m whose meshes are plasma cells m immense number 
together with a few lymphoid cells In some instances a focus or nodule similar 
to that which has just been described contains no mass of microorganisms m 
its center and closely reproduces the structure of a tubercle In the center are 
one or two large giant cells which have the characters of those seen m tubercles 
the nuclei are arranged at the margin of the cell and surround an almost 
homogeneous area About the giant cells is a narrow zone formed bv a fibnllated 
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ground-work containing a few cells of epithelioid type This fibnllated stroma 
may stain deeply with eosm and exhibit a hyaline appearance Further outward 
epithelioid cells are mingled with numerous plasma-cells Giant cells containing 
micrococci have been found 

Collections of coeeus-like bodies forming large lobulated colonies 
occur m abundance throughout the lesion This microorganism acting as 
an irritant has caused a series of changes m the liver There is destruc- 
tion and disappearance of tissue m the immediate neighborhood of the 
colony and accumulation of polynuclear leukocytes, a cavity containing 
purulent exudate is formed about the microorganisms "White fibrous 
connective tissue is formed m abundance m the wall of the abscess At 
the margin of the abscess cavity mononuclear cells make their appearance, 
and acting as phagocytes (macrophages), ingest polynuclear leukocytes, 
red blood corpuscles and other cells and attam a size many times that of 
a polynuclear leukocyte The fibrous tissue nearby is at first rich m cells, 
containing plasma-cells in immense number The process of phagocytosis 
of polynuclear leukocytes and other cells at the margin of the abscess 
cavity represents an early stage m the process of healing and tends to 
bring about the disappearance of pus about the parasite As pus is 
absorbed the surioundmg fixed tissue grows into contact with the mass of 
microorganisms which are now perhaps killed but not yet dissolved 
Cells of epithelioid type and giant cells similar to those of the tubercle 
come into contact with the persisting microorganism A lesion resem- 
bling, but not identical with, the tubercle is formed The colony of cocci 
finally disappears In the newly formed fibrous tissue between the abscesses 
there are areas m which large vacuolated cells are so abundant that they 
form a conspicuous element of the tissue These cells appeal to be mono- 
nuclear phagocytes (macrophages) which have persisted m the wall of the 
abscess and undergone fatty degeneration They are m places so abund- 
ant that they give to the tissue a deep yellow color Large abscess cavities 
occur at the advancing margin of the lesion whereas its center is formed 
by dense fibrous tissue 

HUMAN BOTRYOMYCOSIS 

Botryomycosis m man was fiist described by Poncet and Dor 10 On 
the hand of a woman near the digito-palmar fold of the little finger an 
indolent led spot ulcerated and gave place to a pedunculated tumor the 
size of a small nut In sections of the tumor they found the masses of 
coccus-like bodies to which Bollinger gave the name Botryomyces, and by 
personal observation convinced themselves of the identity of the bodies 
they observed with those found m the fungus-like growths from the 
spermatic cord of geldings Poncet and Dor have perhaps diminished 
for subsequent obseivers, the value of these bodies as criteria for the 
identification of botiyomycosis by the interpretation which they have 
offered They have maintained the untenable view, wholly unsupported 
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by tlie bacteriologists who ha\e studied bolryomycosis, that the peculiar 
bodies are not microorganisms, but products of the degeneration of tissue 
cells They regard the coccus-like bodies as pyknotic nuclei. From the 
lesion Poncet and Dor isolated a staph) lococcus, which inoculated into 
the udder of an ass. produced a small pedunculated growth No examina- 
tion of the nodule was made Poncet and Dor have described as botry- 
omycosis three small pedunculated giowihs, two being on the hand and 
one on the most prominent point of the stump formed by amputation of 
the arm at the shoulder. 

Faber and Ten SiethofI 12 have described a group of little nodules on 
the border of the eyelid occurring at the site of a stye m a boy who had 
tended a horse suffering with a fungoid giowtli from the cut spermatic 
cord. In the viscid pus squeezed from the lesion were mulberry-like 
masses with the structuie of those which occur m the horse Pedun- 
culated tumors containing similar bodies have been obsewed m Fiance by 
Sabrazes and Laubie 13 (m one case on the auncle, m a second on the 
palm of the hand), and by Delore and Gauthier 14 (m one case above the 
eyebrow, m a second on the linger) Similar observations have been 
made m Switzerland, Beverdm and Gulliaid 15 have described a peduncu- 
lated tumoi the size of a pea on the palm of the hand, and Galli- Valerio 0 
has seen a nodule of similar size and shape on the anterior surface of 
the fore-3rm 

The disease is appaiently much more common m noitliern Africa than 
m Europe, and French physicians living m Algeria have described in 
considerable number instances of a similar but much more severe disease 
Brault ll! has described two cases m which small pedunculated tumors con- 
taining the characteristically-grouped micioorganism have occuired on 
the fingers of women m Algeria Legram 17 has described a considerable 
number of eases of botryomycosis Attached to the dorsal surface of the 
right hand of a Berber woman he found a tumor the size of her fist, it 
consisted of five masses each pedunculated and the whole attached by a 
narrow base A tumor m another Berber woman made its appearance on 
the stump of a finger accidentally amputated and attained the size of a 
large mandarin It was removed, but reappeared, forming a mass larger 
than before , the growth did not invade the underlying muscles or tendons 

12 Faber and Ten SiethofI Nederlansche oogheelkandige bijdiagen 1897 
Quoted by Bodm 

13 Sabrazes and Laubie Arch g&n de m4d , November, 1S99, Arch de 
parasit , 1898, i, 410 

14 Delore and Gauthier Gaz d hOp , Nov 8, 1900 

15 Reverdm and Gulliard Rev m(5d de la Suisse romande, 1900, No 11, 
p 500 

16 Brault Arch de parasitol , 1901, iv, 308 

17 Legram Arch de parasitol , 1898, 1 , 148 
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In a subsequent publication, Legram 18 described other growths on exposed 
surfaces the largest of which was the size of a child’s head Somewhat 
similar observations have been made by Archibald 10 on material sent to 
him from various parts of the Sudan, seven growths removed from the 
scalp, bieast, arm, hand, foot or cheek of natives contained agglomera- 
tions of coccus-like microorganisms identical with those peculiar to botry- 
omycosis The same bodies had been previously observed by a member of 
the laboratory stall m a growth removed from a camel In one instance 
the lesion occurred m a native woman, 45 years of age, who had suffered 
with a swelling of the bieast since childhood, it implicated the entire 
breast, resembled a fungoid cancer and exuded grayish-white pus from 
numeious sinuses In another case a tumor of the scalp implicated the 
underlying bone and from sinuses on the surface thin pus-containing 
yellow granules escaped 

Butler and Welsh, 20 m New South Wales, found a swelling outside 
of the left orbit causing softening of the temporal bone m a child 4 years 
of age The scant viscid pus contained numerous yellow granules which 
consisted of masses of cocci In a Japanese Kayser and Gryns 21 found 
the right foot swollen and riddled with sinuses from which escaped 
exudate containing botrvomycotic granules 

PSEUDO-BOTRYOMYCOSIS 

Poncet and Dor identified with botryomycosis of the horse the pedun- 
culated fleshy growths m which they found the mulberry-like bodies 
described by Bollinger Subsequent writers have given the same name 
to similar pedunculated nodules, even though they have failed to demon- 
strate the presence of these readily recognizable bodies Such growths 
having the structure of redundant granulation tissue have been described 
as botryomycosis by Bodm 22 (two cases), Spourgitis 23 (two cases), 
Gehmet 24 (six cases), Alglave 25 (two cases), Thevenot and Alamartme 20 
(five cases), Lenormant 27 (five cases), and others In none of these 
cases have botryomycotie colonies been found To the same growths, 
Kuttner 28 (four cases), who found none of the mulberry-like encapsu- 
lated groups of cocci, gave the name Gianuloma telangiectoides Two 

18 Legram Quoted by Gehmet 

19 Archibald Brit Med Jour , 1910, n, 971 

20 Butler and Welsh Edinburgh Med Jour, 1910, iv, 115 

21 Kayser and Gryns Geneesk Tiidsehr voor Nederl Indie, 1907, \m, 
Ref Bull d l’mst Pasteur, 1908, vi, 863 

22 Bodm Ann de derm et de Sypk , 1902, in, 289 

23 Spourgitis Paris Thesis, 1900 Quoted by Gehmet 

24 Gehmet Pans Thesis, 1902 

25 Alglave Bull Soc anat de Pans, 1906, lxxxi, 524 535 

26 Th§venot and Alamartme Lyon Chirurg , 1909, n, 154 

27. Lenormant Ann de derm et de syph 1910, xi, 193 

28 Khttner Beitr z klm Chir, 1905, xlvn, 1, Bennecke, Mhnchen med 
Wchnschr , 1906, 1553 
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German writers, Eeitmann 29 (one case) and Kreibich 30 (three eases), 
have adopted the same name for similar growths Jaequet and Barre, 31 
who, like the writers 311st named, found m their tumors no structures 
having the eharaeteis of so-called bottom} cos, think that the use of the 
name botryomycosis should be discontinued, and the growth they describe 
should be designated benign hypei trophic granuloma or pseudo- 
botryomycosis 

Hartzell, 32 describing the same lesion obsened in this country (Phil- 
adelphia), has suggested granuloma pyogemcum to icplace botryomycosis 
of French authors, and this name has been adopted by Sutton, 31 who has 
described a case which occurred m Liberty. Mo. Wile 3 * has described as 
granuloma pyogemcum tuo instances of small pedunculated nodules 
observed m New York City, one on the check of a child 8 years of age, 
the other hanging from the naiel of an infant 2 months old The 
nodules had the histological structure of granulation tissue, m the first 
instance richly supplied with bloodvessels No ma«es of encapsulated 
cocci were found witlun the nodules, but scattered cocci were found at 
the periphery Wile describes as typical instances of the same lesion the 
cases of Hartzell, Ivuttnei, Eeitmann, Kreibich and Jaequet and Barre, 
m none of which were found the characteristic botryomy ces of Bollinger, 
and reaches the conclusion that botryomycosis does not occur m man, 
he doubts, indeed, the occurrence of a disease, botryomycosis, m the 
horse, but does not discuss the subject at length 

It is apparent that the diagnosis of botryomycosis has repeatedly been 
made from the clinical characters of the lesion A growth makes its 
appearance usually at the site of an injury on an exposed skm surface, 
m most instances on the hands or face, and grows rapidly, attaining the 
size of a small pea or nut With excessive growth m all directions the 
mass assumes a mushroom-like or pedunculated form It is reddish and 
fleshy m appearance, superficial ulceration occurs frequently and bleed- 
ing is readily induced After partial removal rapid growth occurs 
Histological examination shows the usual structuie of granulation tissue, 
young connective tissue is infiltrated with leukocytes and mononucJeai 
cells, and in some mstanees with plasma cells In some instances dilated 
blood-vessels are abundant, but m other instances blood-vessels are not 
more conspicuous than those m granulation tissue It is undoubtedly 
inappropriate to designate this lesion botryomycosis solely because it 
is fleshy m appearance and pedunculated In the absence of demon- 

29 Reitmann Arch f Derm u Syph , 1908, xci, 185 

30 Kreibich Arch f Derm u Syph , 1909, \civ, 121 

31 Jaequet and Barr6 Arm de derm et de syph, 1909, x, 574 

32 Hartzell Jour Cutan Dis , 1904, xxii 520 

33 Sutton Am Jour Med Sc , 1911, cxln, 69 

34 Wile Jour Cutan Dis , 1910, xxvni, 663 
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stration of the yellow granules which are peculiai to botryomycosis, 
the diagnosis is no more possible than the diagnosis of actinomycosis 
m the absence of the ray fungus Schndde 35 has recently described 
protozoa-like bodies within large mononuclear phagocytes found m a 
pedunculated growth similar to those winch have been described These 
intracellular bodies are round, oval, semilunar or pear-shape and present 
some resemblance to the bodies found with kala-azar and oriental sore 
No botiyomycotic granules were noted m the nodule m which these 
bodies were found, and he regards the growth as an example of the lesion 
to which Kuttner gave the name granuloma telangieetoides 

BOTRYOMYCOSIS OF HORSES IN’ THE UNITED STATES 

I have been able to obtain no literature on the occurrence and dis- 
tribution of botryomycosis of horses m the United States Through the 
kmdness of seveial vetermaiy physicians I have received information 
concerning its oecunence Dr Y A Moore, at the New York State 
Veterinary College, Ithaca, New York, has seen no instance of the dis- 
ease. Dr J E Mohler, Chief of the Division of Pathology, United 
States Bureau of Animal Industry, Washington, has written me as 
follows In looking through our card-index catalogue we have failed to 
find any references to literature on the subject of the occurrence of this 
disease m this country Our records of pathological specimens show 
that Dr Leon A Eeek of Melbourne, Fla , submitted some tissues from 
a horse on Nov 4, 1909, Eecord No 3,418, which showed the piesence 
, of botryomycosis This disease m all probability exists m this country, 
but the cases are not reported 

Dr Maximilian Herzog has seen several cases m the hospital of the 
Chicago Veterinary College, but believes that the disease is infrequent 
m Illinois Dr A T Kinsley of the Kansas City Veterinary College, 
writes as follows 

I have found three cases m horses m Kansas City, two of them involving the 
spermatic cord, as the sequel of castration The other involved the point of the 
shoulder and apparently resulted from infection from a bruise caused by the 
collar I have had specimens sent to our laboratory from North and South Dakota, 
two cases from Nebraska, several from Kansas and one from Iowa m the last 
five years In my opinion these cases are not at all rare although I do not know 
that they are diagnosed commonly, usually being passed over as cases of infec- 
tion without specific diagnosis 

During four years m Colorado, Dr B F Kaupp saw one instance of 
botryomycosis, the disease occurimg m a mule 

The foregoing data indicate that botryomycosis m horses is uncom- 
mon m the states of the Atlantic coast, whereas m the central portion of 
the United States it is more common A considerable number of 
instances have been observed m Kansas City, Mo, a part being from 
Missouri, a part from neighboring states 

35 Sclmdde Deutsch med Wchnschr 1912 touii, 218 
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The unusual nature of the lesion which has been described suggest « 
some unusual mode of infection Botryomycosis of the human skm is 
not uncommon m certain tropical countries, yet no record has been found 
of botryomycosis of an internal organ In the present case the lesion 
appears to have been primary m the liver and its occurrence here suggests 
that infection may have oceuired by way of the gastro-intestmal tract 
There is no evidence m favor of this mow sa\e the statement that one 
cow from which the child recened milk at the time of her infection was 
affected with a fatal wasting disease Botrjomyeosis of cattle has been 
observed, but is uncommon ; the disease occasional!} attacks the udder 

SUMMARY 

Bacteriological examinations indicate that the disease of hoises, cattle 
and swine known as botryom}cosis is caused b} a mierooiganism lesem- 
blmg Staphylococcus pyogenes aureus, but chnractenzed by the forma- 
tion of compact colonies held together by a homogeneous material which 
forms a kind of capsule About these colonies or granules which are 
formed onl} n the tissues there is suppuration and tissue formation 
producing a lesion which has all the characters of the infectious 
granulomata 

Human botryomycosis has been observed most frequently m tropical 
or subtropical countries such as Algeria, the Sudan, Australia and Jaia 
It has been observed m France and Switzerland, but heretofore has not 
been observed m the United States 

The disease in man affects exposed surfaces such as the hands or face, 
and has repeatedly followed injuries of infected parts Pedunculated 
masses of consideiable size may be foimed They consist of newly- 
formed fibrous tissue m which are foci of suppuration and sinuses open- 
ing on the surface The peculiar botryomycotic gianules are always 
present 

Small pedunculated growths having the structuie of exuberant 
granulation tissue have frequently been described as botryomycosis, 
although the microorganism peculiar to the disease has not been dis- 
covered m the lesion There is no demonstrable relation between these 
growths, which have been designated granuloma pyogenicum, telangiec- 
tatic granuloma or pseudo-botiyomycosis, and botryomycosis as it occurs 
m man and lower animals 

The case which has been described represents, as far as I have been 
able to determine, the first instance of the disease described m this 
country, and is, it seems, the first instance in which it has affected an 
internal organ The disease has attacked a child 11 years of age A 
massive lesion replaces almost the entire liver and consists of fibious 
tissue and foci of suppuration within which occur botryomycotic granules 
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m large number It is not improbable that some peculiar mode of 
infection explains the unusual situation of the lesion The child received 
milk from several cows, one of which died with a wastmg disease, but no 
more definite history can be obtained Botryomycosis has been observed 
m domestic animals m Missouri where the human instance of the disease 
occurred 

For the photographs I am indebted to the kindness of Dr E H McBame 
The drawings have been made by Mr C D Jarrett 

1806 Locust Street 



A CASE OF FOREIGN BODY IN THE HEART 


C H BAILEY, MD 

MU \ ORK 

Numerous cases have been icpoiled m winch foieign bodies ha\e 
been found m the heart at autopsy. In the vast majority of instances 
entrance to the heart was gained directly through the chest wall The 
following case is of especial mteiest, therefore, as one m which the 
foreign body reached the heart by wn} of the venous system, access to 
the latter having been gained from the digestive tiact 

case nnroTiT 

History — D H, male aged 49, entered St Luke’s Hospital, m the scr\icc of 
Dr Austin W Hollis, May 17, 1012, complaining of nausea, feicr and muscular 
p. m Two weeks before entrance, following a spree of fhe dnjs’ durntion, the 
patient had been seized with nausea and •vomiting, e\ cry thing taken by mouth 
being immediately expelled The lonutus consisted of food just taken, and the 
patient ha ' never noticed that it contained cither blood or bile His condition 
remained much the same for five days, when he began to suffer from fever and 
pam m the hack and legs He had no headache, no«e bleed or diarrhea Abdominal 
pain, ui inary disturbance dyspnea and cough were also absent 

Examination — On entrance to the hospital, the temperature was 103 G F, 
respiration 24 and pulse 100, regular and of good force Blood-pressure was 140 
There was no dyspnea, cyanosis, jaundice, edema or rash The pupils were equal 
and regular, and reacted normally The ears, nose, mouth and throat were 
negative The lymph nodes were not enlarged There was no rigidity of the 
neck Knee jerks were present and not exaggerated There wms mnrked tremor of 
the fingers The heart apex impulse was neither visible nor palpable The left 
border was 115 cm from the midsternal line, the right border was beneath the 
sternum The heart sounds were distant but of good quality There was a short 
systolic murmur at the apex which was not transmitted There w'ere no accentua- 
tions Examination of the lungs was negative The abdomen was somewhat dis 
tended and there wais slight general tenderness The liver edge w as felt one inch 
below the free border of the ribs and the edge of spleen could be felt just beneath 
the costal margin 

A blood culture taken May 18 showed numerous colonies of Streptococcus 
vindans and Bacillus colt communis 

On May 18 the white blood-cell count was 22,000, polymorplionuclears S6 per 
cent , lymphocytes 14 per cent The Widal reaction was negative The urine 
was clear, acid, specific gravity 1 015 and showed a faint trace of albumin The 
sediment contained many polymorphonuclear leukocytes and no casts The stools 
w T ere not examined for blood, but were never tarry 

On May 20 there were many moist rflles and a small area of bronchovesicular 
respiration and moderate dulness over the right base The white blood-cell count 
had risen to 34,000, polymorplionuclears 84 per cent , lymphocytes 1G per cent The 

* Submitted for publication m Thu Archives Jan 31, 1913 

* From the Pathological Department of St Luke’s Hospital, New York, F C 
Wood, M D , Director 
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patient ran a markedly megular temperature varying from 102 to 108 F He 
grew gradually worse and died May 21 

Necropsy — Autopsy was performed six hours post mortem The body showed 
no marks of external violence, no edema or jaundice, and no ecchymoses of the 
conjunctiva or elsewhere The peritoneum was normal and contained no fluid 
The dome of the diaphragm was on a level with the fifth rib on either side The 
liver edge was at the costal margin There were 300 c c of slightly cloudy 
yellow fluid m each pleural sac The apices of both lungs were hound by old 
fibrous adhesions and there were small scattered areas of bronchopneumonia in 
the right lower and left upper lobes The pericardium contained 75 cc of 
unclotted blood Protruding 1 5 cm from the posterior tip of the right auricle 
was the end of an ordinary wooden toothpick which measured 6 8 cm m length 
The other end could he felt within the auricle, pressing against its anterior wall 
at the right auricular appendage Over this end the wall was thinned, white and 
covered with fibrin over a small area about 3 mm in diameter The toothpick 
was held m place within the auricle by a soft “chicken fat” clot At the upper 
part of the pericardium posteriorly there was an area, 1 cm m diameter, which 
was abraded, but not pierced, by contact with the end of the toothpick Adherent 
to the surface of the pericardium were several small plaques and shreds of fibrin 
Numerous small ecchymoses, from pin-point to 1 mm m size, were present on 
the epicardium, especially numerous over the upper posterior part of the left 
ventricle The heart was preserved m gross without sectioning 

The pharynx, larynx, trachea, esophagus and stomach were all normal On 
the po&terior wall of the duodenum, 14 cm beyond the pylorus, at the lower part 
of the descending portion where it lay directly over the inferior vena cava, was 
a small ulcerated area, about 5 mm m diameter Extending backward and 
upward from the base of this ulceration was a sinus, 1 5 cm in length, which 
easily admitted a probe 2 mm in diameter, leading directly into the inferior 
vena cava The intestine was otherwise normal The intestinal contents vere 
of normal brown color 

In the anterior wall of the mferioi vena cava, 8 cm below the entrance of 
the hepatic vein was the opening of the sinus from the duodenum previously 
descubed Surrounding this opening the wall over an area 5 5 cm lengthwise of 
the vessel and 2 5 cm transversely, showed a rough, eroded surface covered with 
a small amount of loose fibrin of a greenish color, suggesting bile staining A 
small fibrinous clot adherent to the edge of the sinus had evidently plugged it 
before death 

The other organs, except for a large soft spleen weighing 360 gm , showed 
nothing of particular interest either grossly or on microscopic examination 

OTHER REPORTED CASES 

Nineteen cases have been reported m the literature in which foreign 
bodies have been found in the heart at autopsy, omitting the large number 
m which entrance to the heart was gained directly through the chest 
wall The articles found were needles, pms, fish-bones, teeth, a thorn, 
etc In one of these nineteen cases a needle had pierced the bronchus, 
pericardium and heart In a second case the patient had swallowed two 
false teeth on a gold plate The gold plate had pierced the esophagus 
and pericardium, the patient dying of a purulent pencaiditis In a third 
case, a fish-bone had pierced the stomach wall, near the esophageal open- 
ing, and subsequently the diaphragm, pericardium and heart, the sharp 
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end of the bone having been found piotiudmg into the lieart and the 
blunt end into the stomach In two eases there w as a definite history of 
swallowing the foreign body which was found m the heart, but no lesion 
of the digestive tract and no indication of the route followed were found 
These two cases aie of interest on account of the length of time during 
which the foreign bodies had m all probability been present m the heart 
and the slight or entire lack of heart symptoms due to their presence 
In one, a case reported by Ambrose, a pm, which had been swallowed 
nine years pieviously, was found m the wall of the right tentiicle The 
patient died of perforated gastric ulcer without having had heart symp- 
toms m the interval In the second case, repoited by Kussmaul, a thorn 
of Prmus spinosa, eoveied by a thick layer of fibrin, was found free m 
the cavity of the right ventricle The spine had been swallowed one and 
' a half years previously, and following this the patient had been troubled 
for some time with pieeordial pain He died of pulmonary tuberculosis 
In the remaining fourteen cases no indication of the place of entrance 
was found and no definite history was obtained In tw T ehe of these the 
foreign body was believed to have been swallowed, and mn^ haie been m 
all In several, how r ever, it w r as a question whether the foreign body 
might not have been inserted thiough the skin In four of the cases, the 
wnteis believed, but without pi oof, that entiance to the heart w T as 
obtained directly thiough the esophagus and mediastinal tissues 

A case reported by Benda, not included in the above senes, is also of 
interest In tlm a fish-bone was found m the supenoi mesenteric vem, 
but no lesion of the digestive tiact w r as discovered 

DISCUSSION 

The case heie repoited seems then to be unique m that the foreign 
body was proved to have leached the lieai t by way of the blood-stream, 
its point oi entiance into the lattei fiom the intestine having been 
demonstrated It is piobable that this occuired m some of the cases 
quoted above, and its possibility is discussed at considerable length m 
the literature Oppel, working with labbits, was unable to demonstrate 
that needles could travel m the blood-stieam, and doubts whether this 
ever occurs m man Haecker, from experiments on dogs, arrived at a 
similar conclusion 

The route traveled by the toothpick m the case reported was a shoit 
one A smaller object, however, which could easily have passed the 
tricuspid and pulmonary orifices, would have been earned on to the lungs, 
and one small enough to pass easily thi ough vessels of small caliber might 
have traveled a much greater distance to the heart A wooden object 
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would natui ally ho moie easily earned along by the blood-stieam than a 
metal one, especially if the lattei weie sliaip-pomted, as a needle oi pin 
Theie seems howcvei little loom foi doubt that many of the foiemn 



The lowei cncle suiiounds the end of the toothpick which piotiudes from the 
postenoi tip of the light amicle The upper cncle sunounds the surface of tlie 
pencaidium at the point wlieie it lias been roughened b\ contact with the 
piotiuding end of the toothpick 

bodies, as fish-bones and eien pins and needle 0 , winch hate been found 
m the lieait leached it by wa^ of the blood-stream a° did the toothpick 
m this ease 
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includes the laic 01 laid} epileptic*- Tin* condition having no beanmr 
on oui findings, cull not bo di«cu**ed It is hovvevei fitting to call 
attention to the *o-called epileptic convulsion* accompanied In, *toppnge 
of the heait, biadyeaidia 01 otlici aihythmia 

Biadycaidia has been noted In Segmn (21-21) C'oikej and Ilubbeih 
(11-76), Diummond (5-15), Gibbmg* (12) and mam othei* In the 
light of oui pie*ent knowledge of lieai t-block it is extiemel) piobable 
that it was this condition clinch the above authentic* obsened 

Stoppage of the heait ( ,? ) has been ob*eived In Moxon and Tairge 
and Smith while auscultating the heait Tailine of the pul*c ha* been 
obsened by Hughlmgs Jackson and lln*sel Yhethei these ca*e* were 
lieai t-block oi henn*} stole cannot be *aid, foi lack of graphic iccoicl* 
Munson 1 did not find a single case of *toppage of the heait in epilep*}, 
employing giaplnc methods as a means of study 

Tlieie aie found in the liteiatuie numeiou* icfci dices to the abnoimal 
condition of the heait m epilepsy Yaluilai lesions, hypoitiophv and 
aihythmias have been fiequently noted 

Bi owning, 2 aftei examining 150 ca*es. states that normal sound* and 
a noimally acting heait aie the exception laihei than the mle 

Of the foity-foui ca*es examined bv us, thntv-fne showed an 
abnoimal condition of the heait, of these, ten *hovved gios* lesions and 
twenty-five a functional change manife*ted Ip henne muimuis abnoi- 
mality of sound and sinus aihythmia Yaluilai lesions wcie obsened 
four times Hypertrophy was obsened seven times Diastolic n regu- 
larity was observed twelve times Abnoimal sounds vveie observed tlm - 
teen times Hemic muimuis weie obsened foui tunes Heait block 
was observed once Imtable heait was obsened once Hodal rhythm 
was obseived once Aunculai extrasystoles weie obsened once The 
case of heart-block exhibited tiue epilepsy and not the s} r ncopal attacks 
of the Stokes-Adams syndrome Although it is geneially agreed that 
sinus arhythmia is of vagal ongm, no i elation between it and the 
Traube-Hei mg waves (to be desenbed latei ) was obseived Hypeitiophy 
of the heart occurred m patients m middle life or above, with two 
exceptions 

BLOOD-PIJESSURF 

Owing to the diversity of methods employed by the numeious investi- 
gators, and the mechanical defects of many of then mstiuments the 
woik of the older authors, such as Peie, must be discounted Of the 
more recent investigations it may likewise be said that the methods 
differ that the observations have been too limited m number, and that 
graphic methods allowing of the study of continuous blood-pi essui e 


1 Munson Jour Am Med Assn , 1908, 1, 6S1 

2 Browning, Wm Jour Neiv and Ment Dis , 1893, \iui 
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cuives have not been utilized It is appaient that one cannot detect a 
change m blood-pressuie occuinng within the space of several seconds 
by the use of such instruments as the Eiva-Rocei, Janeway, Stanton, etc 

Summed up, the results of the nioie lecent investigations aie as 
follows There is a high blood-pi essuie during the convulsion, the blood- 
pressure falls rapidly aftei the convulsion, but remains highei than 
normal between convulsions (Plaskuda, Morgenthalei, Fleuiy, I/Alle- 
mant and Rodiet and otheis ) 

Oui results will be tabulated undei the following headings 1 Gen- 
eral blood-pressuie 2 Iiespnatoiy change m blood-pi essuie 3 Tiaube- 
Heiing waves 4 Changes lelative to the convulsion 

1 Of 41 cases examined as to general blood-pressuie, 18 had a svstolic 
blood-pi essuie of 120 oi below, and 23 above 125 langmg to 200 Of 
17 cases examined on the day of a convulsion, seven had a systolic blood- 
pressure above 135, and 10 were below 120 

The pulse-pi essure, estimated by the difteience between the systolic 
and diastolic pressures, was 50 oi above in 21 cases, 40 oi above m 15 
cases and 45 m 5 cases Of 8 cases showing a pulse-pressui e above 55, 
5 were either measured on the day of a convulsion oi had some cardio- 
vascular disease 

Owing to the paucity of matenal, and taking into eonsideiation the 
individual variations, variations of emotion, sensoiy stimuli, etc, no 
hard and fast conclusions can be made fiom this partieulai pait of the 
work The svstolic blood-pressure and pulse-pressui e were highei than 
normal m a little more than one-half the cases, the pulse-pressure was 
below normal m many The cases showing eaidiovasculai disease had 
high pulse-pressure The cases showing high systolic blood-pressuie on 
the day of a convulsion likewise showed a high pulse-pressui e 

2 Bespiratoiv change m blood-pi essuie In 21 cases showing icspi- 
latory changes m blood-pi essure our results beai out Erlanger and 
FesterlmgV findings The aitenal pressure falls during inspiration and 
uses dunng expiiation During the labored breathing following a con- 
vulsion, the respiratory changes m blood-pi essure are very marked 

3 Traube-Hermg waves Undei certain unusual conditions, there 
aie found in addition to the lespnatory rhj thmieal falls and uses of 
blood-pressure, changes m blood-piessure, the waves of which are much 
largei than those due to lespiratory movements The=e naves weie fiist 
described by Traube 1 Hermg 5 consideied them as ansing as a result 
of mediation fiom the respnatory centei Hoiatio Wood Jr, G m a 

3 Erlangei Joseph, and Festeibng E G Tour E\per Med 1012, \\ No 4 
p 37 

4 Tiaube Centialbl f d Med Wissenscli 1SG5 p 18S1 

5 Henug Quoted bv Hoiatio Wood Ji (see note 0 ) 

6 Wood* 5 Hoiatio Ji Am Joui P]n«iol,lS90 No 2 p 332 
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study on the origin of Tiaube waves, conies to the conclusion that the\ 
do not arise m the lespnatoiy centei ITe na« able to paiah/e the 
lespnatory centei through the action of leiatnn, the \asomotor centei 
remaining intact Undei these conditions he «a« still able to ob=ei\e 
Traube waves ("Pig 1) 

The ultimate cause of these u.ues is not well understood hut thev 
are piobably due to a rhythmical actiuty of the myomotor centei 
Although a ihythmieal actmh of the lasoconstnctoi centei is said to be 
present thioughout life theie aie no definite data lelative to the occui- 
rence of these naves m man 

They have often been obsened dm mg expci imenfs on animals espe- 
cially m e\penments mci easing the mtiacianial tension Tliei haie 
likewise, occasionalh been obsened m appaienth noimal human sub- 
jects Howevei, although present at times. the\ aie the exception latliei 





Fig 1 — TraubeHenug waves not due to respnntoiv change Tipper tincing 
respiration, loivei, blood pi essuie 

than the rule Manj r otliei naves of change m blood-piessme maj be 
observed m man and should be definitely difCeientiated fiom the Tiaube- 
Hermg waves Emotion, musculai moiement, penpheial stimulation 
etc, all produce change m the continuous blood-pi essuie tiacmgs 
Changes due to muscular movements can easily be diffei entiated, as 
pointed out by Erlangei 3 those due to emotion, etc, aie not ihjthnncal 
and do not have a gradually mm easing and diminishing sne In the 
interpretations of our tracings the following conditions weie insisted on 
before Traube-Hermg waves weie said to be piesent 1 The column of 
mercuiv m the manometer had sunk to its lowest level aftei inflating 
the aim-band before the dium was staited 2 All musculai movements 
weie carefully watched foi, and maiked as such on the dium 3 All 
waves clue to emotion and otliei causes weie excluded 4 Following the 
convulsion the column of meicuiy was at the same lei el as befoie it The 
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waves will be described relative to then oeeuiience, length and relation 
to pulse change 

Of the 44 cases, 24 showed the piesence of Tiaube-Henng vates 
Of 15 cases examined on the same day as the com ulsion, 7 showed marked 
waves 6 moderate waves and 2 no waves 

Of 14 eases examined withm live days aftei a convulsion, 3 showed 
maiked waves, m 7 waves weie piesent and 4 showed no waves 

Of 15 cases examined more than five days alter, one shoved model ate 
waves twenty days from a convulsion It was obsened m those exam- 
ined immediately pieeedmg and following a compulsion that the wat es 
were more marked at this time 

Of the 24 cases shoving wates, 13 were piesent m cases showing a 
definite aui a, 4 m those showing no aura and 7 m whom a history could 

I 



Fig 2 — Relatively low blood-pressiu e dui ing petit mal attack 

not be obtained Pom otliei cases shoving an aui a had no waves The 
tiacmgs on these cases weie not taken on the day of a convulsion and 
none of them had a pneumogastiic am a 

The duration of the vates langed fiom 13 y> to 35 c e eond* The 
gieatei number tanged fiom 13V} to 26 seconds The duiation of the 
waves lemamed constant m each indmdual, and the senes mat be 
divided into thiee gioup* pos*es*mg va\e* 13 33 to 18 66, 20 to 22 and 
24 to 28 second* 

Of 39 cases the pulse-iate was slovei dui mg the high blood-pi e**ui e 
m 17 cases moie lapid m 3 and unchanged in 18 It i* *afe to *at that 
when the pulse changes m lale it 1 * u*ualh *lowei during the penod of 
high blood-piessuie 

4 Pulse and blood-p~e*sme m i elation to tlie comnlnon It would 
be useless to gne a lenev of the liteiatuie on the*e point* foi the iea*on- 
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outlined abo\e Most author agiee that theie i* an mciea«e of blood- 
pressure piecedmg and dunng the eomuluon, that it rapidly fall* aftei 
the convulsion, but remain* highei than noimal throughout Tlie pul«e- 
late is said by most obseiver* to be mciea c ed dunng the eomuhion 
Some state that it is sloiv, it i* possible that ihe=e ca*e« mn^ be the 
biadycaidias of lieait block Moiganthaloi goe* fmtliei and states that 
the blood-piessuie is labile aftei the convulsion 

We have obtained tracing*- shoving continuous- puhe- and blood- 
piessuie cunes before, dunng and aftei the eomuhmn*, on ihiee dif- 



Fig 3 — Alternating tjpe of lospiintion following a petit mal attack 



Fig 4 — Petit mal attack 1 Diop m blood-piessuie 2 Apnea 3 Convulsion 

ferent patients, and on one during and after the convulsion In one ease 
we have obtained eight tracings, showing seven petit mal and one giand 
mal attack each Tn anotliei ease two giand mal attacks and m two eases 
one grand mal attack each In all of these cases theie was seen m addi- 
tion to the Tiaube-Henng waves, (1) a preliminary use m blood-pressm e 
occurring from twenty-six to sixty seconds before the convulsion Wbeie 
the use occurred ovei thirty seconds before a convulsion the blood- 
pressure usually fell again slightly, (2) immediately preceding the con- 
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vulsion by fiom nine to twche seconds and m one case twentv-endit 
seconds (tins was a case of giand mal attack) theic was a sudden maiked 
diop m blood-piessme lasting from eight to tlniteen seconds (Fig 2) 
The pulse m eveiv instance became lapid and lemamed so dui mg the 
convulsion and foi a shoit time following it The meiease m lapid it} 
of the pulse oeeuired at the time of diop m blood-pi essme The blood- 
pi essuie lemamed lelatively low duung the time occupied by the petit 
mal attacks m all fits, and rose within five seconds aftei the attack The 
blood-piessuie lose lapidly and markedly, m many instances showing 
rhythmical vanations, and then giadually subsided to the normal level 

In the giand mal attacks we aie unable to state positively whethei 
the relatively low blood-piessme peisists thioughout the entne attack, 
because of the intei feience by aim movements and the consequent late 
appeal ance of a regulai blood-pi essuie cuive In one of these tiacmgs it 
can plainly be seen that the blood-pi essuie is low foi a consideiable time 
dunng the convulsion It must be said, howevei, that m tiacmgs taken 
dunng the grand mal attacks the blood-piessuie is high at cessation of 
the attack In one attack of petit mal type m which we weie able to 
note the beginning of the am a, it was found to follow the di op m blood- 
pi essure by two and two -thuds seconds and to piecede the apnea by 
two seconds 

RESPIRATION 

The lespnation will be studied fiom two standpoints 1 Rhythmical 
change m type of lespnation 2 The lespnation m lelation to the 
convulsion 

In twelve of the foity-four cases of lhythmical change fiom lapid, 
legular and shallow^ to slow, lnegular and deep was noted within a shoit 
ponod preceding and following a convulsion Eleven of these case* 
showed -well-marked Ti aube-Hei mg waves of blood-piessuie The 
changes m respnation did not liaie any definite relation to the change* 
m blood-piessuie indicated bv the Tiaube-Hei mg waves, noi to the 
blood-pressure m geneial A change similai to this has been noted in 
meningitis by Connei 7 (Fig 3) 

In five cases one oi moie penods of apnea u r eie obseived lasting fiom 
sixteen to flinty seconds During this period there wa* seen a fall in 
blood-piessuie and m one case two rh}thmical w T aves of change m blood- 
piessuie This apnea occuiied at times having no beaiing on the 
convulsion 

A study of the respnatoiv cliange m i elation to the comulsion was 
possible m five tiacmgs taken dm mg petit, mal and thiee tracing* during 
giand mal fits m thiee diffeient patients In ever} example of petit mal 
attacks m one patient it wa* seen that theie was a cessation of icspiration 
piecedmg the comulsion bi foul to twenti -six seconds, more often fom 
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to nine seconds The apnea pel sifted thioughout the eoimilsion and 
lasted from tlmteen to sixty seconds It was mtciiuptcd m a few 
instances by sereial deep and mcgulai respiration* The apnea com- 
menced at the height of inspiration It was m creir instance pieceded 
by the fall m blood-piessuie by fiom two and two-thud* to «ix and 
two-thuds seconds 

In the tiacmgs of the tlnee giand mal attacks m each instance the 
fall in blood-pressw e pieceded the apnea and the apnea pieceded the 
convulsion as m the case with petit mal attack* AA r e me unable to *t.ite 
definitely how long the peimd of apnea lasted iclatne to the con Million 
m these cases The tiacmgs *how either an apnea 01 an apnea intei - 
mpted by *lorv and nregulai respnatoi^ morements 

Refoie taking up the discussion of the i elation of 0111 findings to the 
vanous theories of the pathogenesis of epilepsy we shall make a ie*ume 
of those conditions which nip lime a bearing on a causal relation to 
epilepsy 

Theie w r ere present a numbei of diastolic anthmias considered to be 
of vagal origin A laige numbei of oases showed Tiaube-Henng waves, 
especially those cases haring an am a The=e wares wcie paiticnlaih 
prominent during the time near 01 follow mg a conrulsion, and pineticalh 
disappeared aftei five days 

Rhythmical respirator} niorement« weie found m a consideiable 
numbei of cases, with one exception always associated with, but haring 
no relation to, the Tiaube-IIeimg wares 

The convulsions showed a sequence of crents as follows A pielnn- 
maiy ris e m blood-pressui e followed hr a sudden fall, tlian an aui a, then 
a period of apnea and then the conrulsion The blood-piessme icmains 
lelatively low thioughout the petit mal and also piobabl} thioughout the 
grand mal attacks The pulse becomes iapid with the fall m blood- 
pressure and lemams so duimg the conrulsion (Pig I) 

The hteratuie on the pathogenesis of epilepsy is especially uch The 
theories are numerous and conti adietoiy and the endence is inconclusive 
AVe shall content ouiselves with mentioning some of the theories, fust 
as to the stimulus that determines the discharge, and second, as to the 
seat of discharge 

Relative to the nature of the stimulus rvc shall confine omselres to 
the question of anemia and liypeiemia of the biam Anemia of the biam 
as the cause of unconsciousness and convulsion has been supported by 
Kussmaul and Tennei, ISTotlinagel, Riegel and Jolly, Gutnikorv and many 
others The gap between the seveial steps of reasoning emplored by 
these authors is considerable 

The facts that anemia of the biam can produce convulsions and that 


7 Connei, LeA\is A The Ancimrs Ivr Med, 1912 i\, 203 
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a pallor of tlie face lias been observed by these autliois during the attack, 
is certainly insufficient evidence to establish anemia as the cause of 
unconsciousness or convulsions 

On the other hand, hyperemia of the brain has likewise been supported 
by many, Landois, etc Recently it has been found that, during experi- 
mentally produced epilepsy, hyperemia and not anemia of the bram is 
present during the convulsion (Rabmowitch, Berger ) We shall refer to 
these observations again 

As to the seat of discharge, we have a gieat number of observers 
arrayed against one another, one group assuming the medulla and pons 
to be the site of discharge, Hothnagel, Van d'Kolk, Reynolds, Echevema, 
Kussmaul, etc, the other placing it m the cerebial cortex — Chaieot, 
Feirier, Luciam, Gowers, etc — while Hughlmgs Jackson suggests that 
fits might result from discharge of lesions m eithei of these two 

It is not necessary to enter into a detailed account of the experimental 
work tending to prove either of these theories Suffice it to say that 
convulsions may be caused experimentally tlnough nntation of either 
of these regions 

The experimental production of convulsions by m Ration of the cortex 
and the occurrence of convulsions as the result of disease of the coitex 
has led to the conclusion, as yet unpi oven, that the gieatest number of 
convulsions originate m the cortex This does not exclude the medulla 
and pons as the site of discharge m some convulsions 

J Hughlmgs Jackson and H Douglas Smgei 8 suggest that m addi- 
tion to (he eoitical type of epileptic fits, there occui, m the human 
subject, bulbo-pontme (lowest level) fits, analogous to those experiment- 
ally produced m some lower animals They offer m support of this 
lijrpothesis a case showing fits which definitely began by convulsions of 
the respiratory muscles Of special interest is the observation that with 
the beginning of the earliest motion of the convulsion, lespnation ceased 
and was not resumed until the end of the fit, which lasted from forty 
to sixty seconds 

Harvey Cushing 0 has contributed some very important data as to the 
1 elation between increased intracranial tension, cerebral anemia and 
respiration He has found that at a stage during the height of com- 
pression there occur Traube-Henng waves, and Cheyne-Stokes respira- 
tion associated with rhythmical change m blood-pressure, the low blood- 
pi essure corresponding to the period of apnea It would seem that the 
period of apnea is the result of cerebral anemia produced In the mci eased 
intracranial tension and the relatively lowei general blood-pressure 

S Jackson, J Hughlmgs, and Singer, H Douglas Bram. 1902, xxv, 122 

9 Cushing, Haney Am Jour Med Se , 1902, cxmv, 375, 1903 oxx\, 1017, 
Bull Johns Hopkins Hosp , 1901, xn, 290 
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It can readily be seen tliat all experiments on the ceicbial cneulation 
must take into consideiation mtracianial tension, and such expei iments 
as include the opening of the cianial cavity without subsequently closing 
it, must be discaided 

The fact that increased ceiebiospmal pies^uie has been ob«ci\cd dui- 
mg the convulsion of epilepsy (Biancln , 10 D'Oimea), adds considerable 
speculative interest to oui obsei rations that thcie is piescnt an undulatory 
respnation and Tiaube-Heimg wares together with a fall m general 
blood-piessuie piecedmg the comulsion m all oui cases 

It Mould be important to detcimine by fuithei woik any possible 
1 elation between the changes found by us and any change in the cerebro- 
spinal pressuic, pei haps similai to the changes found by Cushing in 
expei mientally pioducmg mci eased ceiebiospmal picssuie Fiom our 
expenments no definite conclusions can be made as to the state of the 
ceiebial cneulation at the time of comulsion, inasmuch as the mtia- 
cranial tension was not measured A \a c ocon<dnction of the penpbeial 
vessels does not neccssanly indicate a similai condition of the ceiebial 
vessels 

Our one case m which petit mal attacks wcie studied is lery similai 
to the case descubed by J Iluglilings Jackson and II Douglas Smgei 
and shows definitely that, wliatevei the natme of the stimulus, the site 
of discharge either acts on both the ceiebrum and medulla and pons, 01 
on the medulla and pons alone 

The presence of unrest of the vasoeonstnctoi and icspiratory centers 
shown by the Traube-IIenng waves and undulatoiy icspiration, the fall 
m blood-pressuie piecedmg the convulsion, and the cessation of respira- 
tion probably due to vagal intei lei ence, as well as the auia of pneumo- 
gastnc type following shoitly after the fall in blood-pi essure, all point 
to the bulbopontme region as a site of distui banco 

The lrntation may have commenced at the eoitex and spiead down- 
ward, being felt m the medulla fust, 01 it mny have commenced m the 
medulla and spiead upwaid, m this paiticular type of case we are of 
the opinion that the site of discharge is m the medulla We aie unable 
to say if the same is true of giand mal attacks and obnously cannot 
make any assertions foi epileptic convulsions m geneial It is note- 
worthy ihat the sequence of eients m the petit mal attacks of one patient 
was the same as that observed m a grand mal attack m the same patient 
and that two other grand mal attacks m turn other individuals presenting 
a clinical picture of ordinary epileptic convulsions likewise showed 
similar manifestations 


10 Biinclu Ann di Neurol , 1911, Part 3 
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CONCLUSIONS 

It may be stated that with regai d to the eases obseived by us 

1 There are present m many cases of epilepsy rhythmical -sanations 
of blood-piessure othei than those due to lespnatory movements 

2 The sequence of events relative to a convulsion is as follows A 
pielimmary rise m blood-piessuie followed m senes by a sudden drop 
of blood-pressuie, a penod of apnea, and then the convulsion 

3 The blood-pressure was relatively low dui mg convulsions of petit 
mal type and dunng some of the corresponding period of the fits of the 
giand mal type 

4 The pulse was lapid during the convulsions 

5 A study of the changes m the respnatory and cnculatoiy systems 
m some of the cases of epilepsy suggests that the site of dischaige is m 
the medulla and pons (the “lowest level of fits” of Hughlmgs Jackson) 
Likewise it points to the medulla as participating m the dischaige m all 
cases of epilepsy whether this discharge originates there or not 

We wisli lieie to express our gratitude to Dr H Douglas Singer, directoi of 
the Institute, for Ins encouragement and kind assistance 



A MODIFICATION OF RUSSO'S URINARY TYPHOID FEVER 
TEST, WITH A DEPORT OF ITS USE IN ONE 
THOUSAND CASES, AND A COMPLETE 
BIBLIOGRAPHY 

LESTER NEUMAN and E B BEHREND, AB, MD 

WASHINGTON, D C 

As a preface to the discussion of the uimarj m ethyl en e-hlue test for 
typhoid fever, it seems best to point out a feu facts regarding the value 
of blood-cultures m the diagnosis of typhoid fe'ver By the use of the 
more modern methods foi the isolation of the typhoid bacilli from the 
blood, the blood-culture has been so umfoinity successful that it is now 
recognized as the diagnostic means, pai excellence , especially for an 
early diagnosis This piocedure is, of course, to he recommended m all 
cases, but the average practitioner does not possess the necessary labora- 
tory skill or apparatus for this test, the technic being rather difficult 
It is for this reason that a number of tests which might be classed as 
secondaiy or corroborative are of much clinical value and significance, 
each one strengthening the physician's diagnostic aimamentamim The 
urinary methjdene-blue test is placed m this class of coi roborative tests, 
and is discussed with that view-point m mind 

THE HUSSO HEACTION 

The use of methylene-blue m the mine as an aid m the diagnosis of 
typhoid fever was first descubed by Russo 1 in 1905 The technic, as 
(escribed by Russo, was as follows To 4 01 5 c c of the patient’s urine 
a 4 drops of a 0 1 per cent aqueous solution of methylene-blue After 
lorough y mixing, examine against the light A positne reaction is 
m icated by an emerald or mint gieen Any tinge of blue renders the 
leaction negative fihis reaction, according to Russo, is not affected by 
oi mg, noi by tne ingestion of such drugs as calomel, quimn, salol and 
caffem If the urine is examined from day to day, a returning bluish 
m to e enotes the beginning of convalescene, and is regarded by Russo as 
a avorable prognostic sign He obtained positive reactions m mines m 
which the specific giavity was from 1 016 to 1 030 The leaction was 
constantly negative m normal individuals, both young and old, and m 
pregnancy, labor, scarlet fevei chicken-pox small-pox, influenza, acute 
an chionic bronchitis, lobar pneumonia, bronchopneumonia, acute and 

* Submitted for publication m The Akchives, Jan 14, 1913 
<rom tlie Laboratory of Georgetown University Hospital 

t> i ' ai ssOj M La bleumetilene-reazione, suo valore climco Riforma med , 
Palermo-Napoli, 1905, xxi, 507 
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chrome gastric catarrh, gastroenteric fevers, appendicitis, renal calculus, 
abscess of the liver, articular rheumatism, mitral insufficienc} r , epilepsy, 
neurasthenia and malaria A positive leaction was also present m 
measles and m some severe cases of tubeiculosis In the latter, the 
appearance of a positive reaction did not denote the height of the fever, 
hut indicated the seventy of the infection The reaction has no relation 
to mdican and is probably caused by toxins excreted by the kidney 
Prmstcria later corroborated the work of Eusso 

The subsequent work with the urinary methylene-blue reaction has 
not been particularly extensive, and does not tend to confirm the con- 
clusions of Eusso 

Cousin and Costa, 2 using the method as descnbed by Eusso, obtained 
a positive reaction in any urine which was dark, that is, concentrated 
This obtained not alone m typhoid fever, but m any other disease m 
which the urme was dark By diluting a concentiated urine which had 
given a positive reaction, a blue or negative reaction was obtained, and 
by concentrating a pale urme which had shown a negative reaction, a 
green or positive reaction appeared They concluded that the production 
of an emerald or mint green was not a chemical, but a physical phenom- 
enon, m fact, that it was a metachromasia, produced by the yellow of 
the urme plus the blue of the leagent They also used the method of 
Eoch, and Boudm and Monchton, by suspending a tube of the blue solu- 
tion m a large tube of the yellow urme, when a green was produced m 
the lower portion of the tube Eusso’s facts are not disputed, but his 
interpretations of them are Their final conclusion is that it is of no 
diagnostic value, since m any febrile condition the urme is concentrated 
m the early stages, and gradually becomes lighter m the stage of com al- 
escence The above conclusions were confirmed by Gandy, 3 Lesieur, 4 
Theodoroff, 5 Spieshofi, 0 Frankel, Dmitrenko, 7 Dunger, 8 DibailofP and 
Iovanne 10 

2 Cousin, E , and Costa, S La Reaction des urines au bleu de methylene 
dans la fievre typlioide Presse m£d , Paris, 1900, \iv, 162 

3 Gandy, C La Reaction des urines au bleu de methylene dans la fievre 
typlioide Presse m6d , Pans, 1906, xiv, ISO 

4 Lesieur, C Note a propos de la reaction des urines typlnques au bleu de 
methylene Bull soc med d hOp de Lyons, 1906, v, 250 

5 Tlieodoroff, H La Reaction au bleu de methylene de Russo peut elle rem- 
placer la diazoreaction d’Ehrlich’ Tausanne, 1907, A Smimen 

6 Spieslioff, P Clinical Importance of Russo’s Reaction Novoye v med , 
St Petersburg, 1909, m, 11 

7 Dmitrenko, F La Reaction au bleu de methylene en urologie Semame 
m6d , 1906, p 174 

8 Dunger, R Ueber den Ersatz der Elirlichschen Diazoreaktion durch die 
Metlivlenblauprobe nach Russo Deutscli med Wcbnschr , 1906, -rani, 1582 

9 Dibniloff, S J Diagnostic Value of Russo’s Reaction Yrach Gaz , St 
Petersburg, 1909, xvi, 5 

10 Iovanne, A La bleumetilenereazione nelle urme dei bambini sani ed 
ammalate Pediatna, Napoli, 1906, iv, 26/ 
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Landolfi 11 agrees with the above authois that the leaetion is simply 
a physical phenomenon He examined particularly ea^e'' of tuberculosis, 
and whenever the color piodueed was green 01 gteeniGi blue, using the 
method of Russo, he lepeated the test aftei decolouration The uime 
was deeolonzed by first collecting the reaction if alkaline, boiling and 
filtering to lemovc the albumin To 10 c e of the filtiatc fiom 5 to 10 
drops of a saturated solution of lead acetate uas added, and then filteied 
through a double filtei With 5 e c of this filtiate the test was made in 
the usual manner In a few cases of tuberculosis in the last Gage, a 
positive reaction was still obtained Woiking on the basis that a small 
amount of indican is normally piescnt, a deep gicen produced vitli a 
small amount of mdiean is oonsideied positne, ulnle a gieenish-bluc 
with a large amount of mdiean is eonsideied negatnc He, hover er, 
does not regaid it as of diagnostic value 

Carletti 12 confirmed the v oi k of Landolfi, and quoted Monchton as 
believing that the gieen leaetion vas due to biliiubin IToverer, the 
reaction is piesent e\en in mines shoving no bile with ammoniated nnc 
He stated that the specific giaut} and leaetion of the urine had no effect, 
and that the coloration disappeared m fiom tvelrc to tventr-foui bourn, 
leaving the granules of pigment floating on top although Rus«o claims 
that the color lasts about ten days Cailetti consideis tliese as stiong 
aiguments m favor of the hypothesis of a physical phenomenon 

Grossi 13 followed the decolouration method of Landolfi and confirmed 
his results, showing a few positne lesults cien aftei being decoloured 
Howevei, Giossi, claiming that the decolouration was not complete, added 
a laigei quantity of lead acetate and aftervaids used animal chaicoal to 
insure a thorough removal of all colonng mattei Using this method, a 
positive reaction was nevei obtained m a large senes of various diseases 
m which a positive leaetion was obtained befoie decolouration, m all 
cases, and m a number when using the method of Landolfi 

Hie results of the researches of Landolfi, Giossi and Cailetti veie 
confirmed by Montefusco, 14 Tolane and Fen an 15 The latter also had 
similar results by decolouration with charcoal alone, as he believed that 
the othei method might cause some chemical changes An examination 
of the urine befoie and aftei decolouration, showed some slight changes 


inii Lan ~n!? 5 M La Bleum <‘tilenere™one Iliv crit di elm med Fnenre 
1900, vn, 705 

12 Cailetti, M Interno alia cosi detta bleuinetileni eazione Gaz 7 d osp , 
Milano, 1906, wvii, 146 

13 Gr °® S1 ’ f A ncora sulla cosidetta bleumetilenei eazione Gioi intoinaz d 
sc med Napoli, n s , 1907, xxiv, 268 

14 Montefusco, A La bleumetilenei eazione nelle malattie mfettive Gioi 
mteinaz d sc med Napoli, n &, 1907, .\xi\-, 460 

533 5 Ferrari ’ G Sulla tileumetilenereazione Gazz d osp Milano, 1907, wvm, 
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He also claimed that the reaction was not affected by glucose, lndican, 
creatmm and acetone 

Lambrior 10 found the reaction to be irregular m typhoid fever, as it 
did not appear in some cases, and m others was alternately negative and 
positive on different days He also had positive reactions m many other 
diseases, hut m pleunsies, it was only present m the tuberculous variety 
He concluded with Zatzonnr 17 that it was of no clinical lalue 

Seuffert is emphasizes the difficulty m discriminating between gieens 
and greenish-blues Using Russo’s method m a large series of eases of 
tuberculosis, he obtained positrse reactions m many cases, hut he does 
not consider it of much absolute value In another large series of vanous 
diseases, not including typhoid fever, a negative reaction was always 
present 

Rolleston 19 found the methylene-blue reaction positne m forty-four 
out of fifty-four cases of typhoid fevei, using the method of Russo Of 
the ten negative cases, eight were convalescent and two were very mild 
eases Positive reactions were obtained occasionally m lobar pneumonia, 
bronchopneumonia and scailet fever In a large vanety of diseases, the 
reaction was constantly negative He regarded it as an excellent indi- 
cator of a relapse, and also claimed that its disappearance during the 
course of an attack was due to a lack of function of the kidney The 
filtration of f the urine to remove phosphates and urates is advised by him 
He i egarded the test as of marked diagnostic value due to its simplicity 
and its early appearance, even befoie the Widal reaction 

Boggs 20 states that “Russo’s metli3 lene-blue test has been shown to 
be absurd and deserves no fuither notice ’ 

Rolph and Uelson 21 ha^e recently published a report of their 
researches as performed at the Toronto General Hospital For a year 
they employed it as a routine proceeding m the hospital and vouch as to 
its efficacy as a diagnostic aid m typhoid fe\ei, if applied early m the 
disease Of fifteen patients examined, thirteen gave a positive Russo, 
eight of these gave a positive diazo, and seven a positive Widal Two 

16 Lambnor, A A Note sur la reaction au bleu de methjlene en urologie 
et sa valeur clmique Bull soc d med et nat de Jassy, 1905, xix, 202 and 263 

17 Zatzomir, V D Thesis La Reaction au bleu de methylene et sa valeui 
clmique Jassy, November, 1905 

18 Seuffert, 0 Kritische Untei sucliungen uber den Ersatz der Ehrlich’sclien 
Diazoreaktion durch die Russo’selie Metliylenblaureahtion Heidelbeig, 1906, J 
Horning 

19 Rolleston, J D The methylene blue reaction of Russo m enteric fe\er 
Med Press and Circ , London, n s, 1906, Ixxxin, 303, also Tiansvaal Med Jour, 
1906-7, n, 268 

20 Boggs, T R Laboratoiy Methods m the Diagnosis of Typhoid Fe\er Old 
Dominion Jour Med and Surg, Richmond, 1908-9, vm, 161 

21 Rolph, F W and Nelson, W H Some Experiences with Russo’s Typhoid 
Fever Test Med Sentinel, Portland, Ore , 1910, xxx, 449 
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cases reacted negatively to all three tests One of these, howevei, gave 
a positive blood cultme and had typical symptoms The other iras an 
unusual case The method of Russo uas employed, and any urine con- 
taining bile was discarded, as it gives a green 1 eaction n Inch cannot be 
distinguished from the positive reaction They paid especial attention 
to diseases simulating typhoid fevci m then onset, as influenza, endo- 
carditis and slight septic cases, but the 1 eaction was constantly negative 
They regard the cause as a i eduction pioce^s due to the piesence of 
unknown bodies m the mine They did not find the gradually returning 
bluish tinge of much assistance m prognosis, as so many of the dangers 
of typhoid fevei aie, as it weie, accidental, and not due directly to the 
seventy of the infection 

The following has appealed m the liteiatuie since the repoit of Rolph 
and Nelson, all observeis using the method of Russo 

Lemaire 22 agiees with the conclusions of Cousin and Costa, et al 
that the test is of no clinical value and that it is simpl) a physical 
phenomenon He also states that it disappears after decolouration with 
lead acetate and charcoal Rolph and Nelson’s conclusions me not con- 
firmed Peskova 23 agiees with Lemane 

Grover 24 does not consider the methylene-blue i eaction of value, pai- 
ticulaily when compared with the blood-culture He did not find it 
positive m all cases of typhoid fever, but found it positive m many 
non-typhoid cases 

Ranlan 2 5 concludes that the Russo reaction appeals positive m typhoid 
fever, pneumonia, measles and empyema and occasionally in scarlet fever 
and other disease^, but considers it of some diagnostic value m typhoid 
fevei He states that it appears moie frequently than the diazo leaction, 
that its intensity indicates the seventy of the infection, but disagiees 
with Rolph and Nelson that it is a good indicator of a relapse or of lysis 
It is not pathognomonic of typhoid fever 

Ker 2fl (quoting Rankin) thinks unfavoiably of the Russo test and 
considers it inferior to the diazo leaction 

Gambill and Hawley 27 found the Russo reaction positive m eleven 
cases of typhoid fever and negative m all other cases, except m tubei- 
culosis occasionally They recommend it because of its early appearance, 

22 Lemaire, P Reaction de Russo et fievre typlioide Gaz liebd d sc xndd 
de Boideaux, 1912, xx\m, 124 

23 Peskova, A The Russo Reaction Med Obozr, 1911, lvxvi, 155 

24 Grover, A L The Value of Russo’s Typhoid Fever Test Boston Med 
and Surg Jour , 1912, clxvi, 706 

25 Rankm, T T Russo’s Methylene Blue Reaction Hospital, London, 1911- 
1912, li, 87 

26 Her Manual of Infec Dis , 1910 

27 Gambill, W H , and Hawley, M C Russo Reaction m Typhoid Fever 
Illinois Med Jour , Springfield, 1912, xxi, 592 
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before the Widal or diazo reactions, its appearance m some cases in which 
the Widal and the diazo reactions are never positive, and on acconnt of 
its simplicity Drugs had no effect, nor had boiling sufficient to coagu- 
late albumin Their cases occurred m an epidemic m the Watertown 
State Hospital, and they were able to eliminate many cases by this simple 
test, while a blood examination m so many cases would have been no 
light task 

Hagei 28 (quoting Gambill and Hawley) considers the methylene-blue 
reaction more accurate than the diazo reaction, and states that the color 
disappears on prolonged boiling. 

AS A CONFIRMATORY TEST 

Williams 29 concludes that the Eusso reaction is valuable, especially 
when used m conjunction with the Widal and diazo reactions Deduc- 
tions from the use of all three, he claims, will clear up many misty 
diagnoses He advises the use of all three every five days dunng the 
course of the disease. His table of conclusions is appended below 

Bouchot, Bovier and Malespme 30 found the reaction positive m fifteen 
out of seventeen cases of typhoid fever, m two out of three relapses, and 
consider it to be of good diagnostic value, except that it is occasionally 
found m other diseases, as measles, erysipelas, salpingitis, pulmonary 
tuberculosis, acute gastric indigestion, tubercular meningitis and pneu- 
monia It is not due to albumin nor urates, nor to the fever, as it was 
negative m many febrile cases Its appearance m such diseases as 
pneumonia, erysipelas, measles and small-pox does not materially lessen 
its clinical value, as the clinical signs of these conditions are sufficient 
to make a differential diagnosis Its appearance in tuberculosis and 
acute gastric indigestion is, however, not favorable They state that the 
positive reaction is present in practically every case of typhoid fever, 
appearing usually as early as the second or third day 

Wallis 31 concludes, after observation m many different diseases, that 
it is very valuable m the diagnosis of typhoid fever, and is more reliable 
than the diazo reaction He advises the use of a control of normal urine 
and emphasizes the difficulty of detecting the proper color, at first He 
agrees with Eusso as to its prognostic import It was found occasionally 
m measles, small-pox, chronic and suppurative tuberculosis He never 
found it positive m acute miliary tuberculosis, and therefore considers it 
of special value m differentiating that condition from typhoid fever 

28 Hager Zentralbl f inn Med, 1905, p 1100 

29 Williams, B G R The Widal, Diazo and Russo Reactions m Typhoid 
Fever — An Interdependence Arch Diag, 1912, v, 53 

30 Bouchot, Bovier and Malespme Yaleur diagnostique de la reaction de 
Russo dans la fievre typhoide Lyon mgd , 1912, cxix, 103 

31 Wallis, R L M Methylene Blue Test for Typhoid Fever St Barth 
Hosp Jour, 1912, xix, 134 
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the a lien n ns of internal medicine 
author’s modification 

It is not the pm pose of this papei io discus* the \nhie of the diazo 
leaction of Ehrlich, noi to compaie it with the Ru^o mcthylenc-blue 
leaetion Ilowevei, as most of the foiegoing authois hate made a eom- 


TABLE 1 — OccurmrNci 01 Ri vctions in Tirnoii) Kivir 



Widal 

Dia/o 

Russo 

Appears when? 

Appeals in typhoid 
fever usually aftei 
first week 

Appeals cailv in tvphoid fever 

(Appears early m 
! Uphold fever 

Relapse and com 

Relapses and compli- 

Reappears with relapses, but 

A positive reaction 

plications 

cations appear to 
have no effect on 
the reaction 

not with complications 

which grows in 
intensify prob 
ably indicates a 
ginve or fatal 
issue 

Is tlie technic diffi- 
cult? 

Several methods 
Some d 1 f f 1 c 11 1 1, 
others f.urlv simple 

Technic simple 

Technic exceeding- 
ly simple 

Reaction time? 

Obsenation of from 
2 to 24 hours neces 
saiv 

Technic rapidly completed 

Technic rapidly 
completed 

cute miliarv tu 
beiculosis’ 

Never present in this 
disease 

May appeal m this disease 

Pei haps nevei 
present 

Always present m 
typhoid’ 

No 

No 

Xo 

In measles’ 

No 

Sometimes 

No 

In pneumonia’ 

No 

Sometimes 

? 

In malaria? 

No 

Sometimes 

No 

In small pox? 

No 

No 

Ye* 

Chronic tuberculo 
sis’ 

No 

Yes, often occuis late in fatal 
cases 

Ye* 

Effect of drugs 
taken internally? 

None 

■ 

It is probable that no drug 
taken internally gives the 
tiue dia/o inaction, although 
the diffeientmtion of these 
pseudoicactions may inquire 
some skill Certain of these 
drugs may interfeie with the 
positive test 

The positive leac 
tion seems to he 
given by several 
drugs, notably 
hexamethylena- 

10 in 

Reaction late m 
tvphoid ’ 

The rule 

The diazo test which makes its 
first appearance aftei the 
second week, points to mili- 
ary tuberculosis When a 
positive reaction suddenlv 
appears duuiig convalescence 
a i elapse is expected 

? 

Peisistent reaction 

i Gives no prognostic 

May persist throughout mfec 

Persistent leaction 

m typhoid’ 

or diagnostic mfoi- 
mation 

tion without any special 
significance 

pi ohal Iv spells «> 
bad prognosis 


parative study of the two, a few facts might be stated m passing The 
diagnostic and clinical value of the dia/o reaction of Ehrlich is con- 
sidered supenoi to the methylene-blue reaction of Eusso by all of the 
authors quoted above except Seuflert, Wallis, TIagei, Banian, Eolleston 
and Rolph and Kelson, who consider them of equal value Seuffeit points 
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out paiticulaily the difficulty of pioperly reading the lesults of a diazo 
leaction He states that it often becomes a matter of personal judg- 
ment Bolph and Kelson, Wallis, Hager and Bankm even place the 
value of the methjdene-blue leaction above that of the diazo reaction 
Seveial of the obseiveis, woilang with thoioughly decolonzed urines, 
obtained negative diazo reactions m mines which had been positive 
befoie decolonzation 

The facts published by Bolph and Nelson appaiently give a clinical 
lalue to this reaction which has been pieviously overlooked Stimulated 
by this very successful repoit, the leaction was instituted m the Geoige- 
town University Hospital, hsmg the method of Busso Shoitly aftei 
this, Hr Belirend suggested that laigei quantities of both the urine and 
reagent should be used Acting on this suggestion, a modification and, 
if possible, simplification of the onginal technic was attempted, and a 
satisfactoiy one was evolved Tins modification has been used at the 
Geoigetown Umveisity Hospital, the Garfield Memorial Hospital and 
m many private cases In all, ovei twenty-five hundred specimens of 
urine have been examined, m about one thousand different cases During 
the time of these observations, all specimens coming to the laboiatones 
were used, no disci immation being made Special attention was given 
to diseases simulating typhoid fevei and to all septic cases 

TECHNIC 

The modified technic, as used m this series, is as follows 

Make an aqueous solution of methylene blue of such concentration that when 
thoroughly mixed, it will just he translucent Using the ordinal y test-tube, use 
a sufficient quantity of the methylene-blue solution to fill the test-tube iust above 
the bowl Then fill the test-tube with urine, and after thoioughly mixing, examine 
against a good daylight and note the color leaction Emerald or mint green 
indicates a positive reaction, while any tinge of blue 1 enders it negative 

The modified technic is advantageous because it simplifies the prepara- 
tion of the reagent, it obviates the necessity of using exact quantities, 
and especially it gives a larger quantity of fluid by which the collect 
color may be judged It might be added that the solution of methylene- 
blue keeps indefinitely without apparently undergoing any changes 

It is a fact, not to be disputed, that the coirect reading of a color 
leaction is a veiy difficult matter m most instances, and m many becomes 
a matter of personal interpretation The diffeientiation of greens from 
gieenish-blues and some light blues veiy frequently becomes difficult 
This difficulty was expenenced m making these tests, and although 
appearing very simple m actually making the reaction, the proper inter- 
pretation, nevertheless, becomes a matter of experience An ability 
accurately to distinguish colors is, of course, essential The whole 
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procedure is facilitated by the use of a largci quantity of fluid, and by 
the use of a control m the beginning The latter can readily be made 
by using a bile-eontaimng mine which pioduces a clear emerald green 
Too much emphasis cannot be laid on this coloi difleientiation, as it is 
probably m this particular that many of the earlier ob c er\eis n ere m 
eiroi When only 5 c c of the combined fluids aie used, it is practically 
an impossibility propel ly to divide a series of colors that so closely 
simulate each othei The color to be obtained is an absolutely cleai 
emerald or mint gieen, the slightest tinge of blue immediately indicating 
a negative reaction It is m this detail of the test that a perfect judg- 
ment of colors, gained by experience and the use of a control, is abso- 
lutely essential Closely obseivmg those precautions, a number of daik 
urmes were diluted and light mines nere concentrated, and in no 
instance did a pieviously positive urine become negatne, or ucc vasa 

Certain urmes must be eliminated m testing for this reaction, as 
they produce a gieen which is of no clinical importance As stated bj 
Rolph and Nelson, those containing bile must be discarded, and as noted 
m this senes, those containing blood must also be discarded Unnes 
rendered cloudy by phosphates, mates, etc, should be fllteied. 

RESULTS WITII MODIFIED RUSSO REACTION 

In this series of one thousand different cases, the only diseases show- 
ing a constant positive reaction were typhoid feiei and malaria A few 
positive xeaetions weie obtained m other diseases, but these were not 
very numerous 

There were foity-six cases of typhoid feier examined, m which forty- 
one gave a positive methylene-blue reaction Of the five negative cases, 
the temperature m one had been noimal for five days and m another it 
had been normal for two days The urine of the third patient was 
neutral m reaction, and after acidification with acetic acid, a positive 
reaction appeared This same case showed a positive reaction later when 
a relapse occurred Of the other two negative cases, one was a very mild 
one Of the forty-one positive cases, two never showed a positive Widal 
reaction, twelve did not show a positive Widal until a number of days 
after the appearance of the metliylene-blue reaction, and twenty-nine 
were positive to both tests In the last-mentioned twenty-nine cases, one 
had an mtercurrent lobar pneumonia with failure of resolution and 
another was complicated by bronchopneumonia Still another was a case 
of pulmonary tuberculosis with an mtercunent typhoid infection 
Russo’s observation regarding the gradual return of the bluish tinge 
during convalescence was confirmed Its prognostic value is to be 
doubted, for, as stated by Rolph and Nelson, the dangers of typhoid fever 
are due m the greater part to accidents It does, however, emphasize 
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the necessity of nsmg the test early m the disease, as it nsnally ‘appears 
in the first two or tlnee days of the disease Its constant leappearance 
in relapses m the above eases, gives it some valne m this respect 

Of nine cases of malaria, seven of the tertian and two of the estivo- 
antumnal types, all gave a positive reaction However, a negative reaction 
was quickly obtained on the fall of temperature after treatment with 
quinin The fact that a positive reaction is found constantly m typhoid 
fever and malaria does not seem to lessen its clinical value, as a differ- 
entiation is usually easily made by the clinical signs and symptoms, the 
blood examination and the therapeutic test 

The other diseases examined m this series, and m which a negative 
reaction was obtained, except m a few cases, are endocarditis, influenza, 
interstitial and parenchymatous nephritis, localized and diffuse peri- 
tonitis, tuberculous peritonitis, acute gonorrheal urethritis, gononheal 
arthritis, post-operative fever, slight and severe septic feveis, septicemia, 
pulmonary tuberculosis, tuberculous adenitis, tuberculous osteomyelitis, 
lobar and lobulai pneumonia, erysipelas, measles,- scarlet fever, chicken- 
pox, mumps, syphilis, sarcoma, carcinoma, benign tumors, gastric ulcer, 
gastritis, gastro-entenc intoxication, anemia, acute articular rheumatism, 
phlebitis, gangiene, exophthalmic goiter, diabetes, cystitis, tonsillitis, 
bronchitis, abortion, pregnancy, cmhosis of the liver, appendicitis, and 
m many healthy individuals, a number of whom had received the course 
of typhoid prophylactic vaccination 

A few positive results weie obtained m the above, namely, one case 
of acute articular lheumatism, two cases of lobar pneumonia, one case of 
pregnancy which was afebrile, two cases of abortion which were afebrile, 
one case of post-operative fe\er, two cases of acute pneumonic tuber- 
culosis, one case with an irregular fever, m which the Widal was negative, 
m which no blood-culture was made and m which no definite diagnosis 
was made, and one case of cirrhosis of the liver Other cases of these 
same diseases were carefully examined, but at no time was a positive 
reaction present, except m the above noted instances 

RECAPITULATION 

The following facts are stated above, but to recapitulate for a moment 
Many observers state that decolorization changes a positive to a negative 
reaction, and likewise others state that it affects the diazo similarly 
Furthermore, suiely such strenuous decolorization as with lead acetate 
and charcoal must cause some chemical changes The statement that all 
dark or concentrated urines give positive results is incorrect, as observed 
m this series, using larger quantities of fluid The concentration of light 
urines and the dilution of dark urines did not change the reaction 
previously obtained 



4GG THE Mtcmvns OF internal medicine 

The opinions of the difleient obseneis icgai ding this test seem to 
lwue urn almost the complete gamut On one hand a small nunoiity 
attach considerable clinical nnpoi lance to it, while on the othci hand, 
a laige majonty iclegate it to the sciap heap as woi tillers Very few 
hate taken the middle giound, as m this papci, regaidmg this test 
simply as one link in the chain of ctidence, the object of winch is to 
make a eonecl diagnosis Veiy few' hiboiator} tests me absolutely path- 
ognomonic of a specific disease, this one being no exception, and likewise 
a diagnosis is seldom, if etei, made on a single symptom 01 te*t. It is 
simply by the ability to obtain all the facts homing on the case that 
logical conclusions me icaclied, and a conect diagnosis made Williams 31 
tery aptly states that many tests me of no mail became they me not 
propeily into] preted lie point* out that in bactenologieal work, it is 
the positne lesults that me taluable, as finding the tnbeicle bacillus m 
the sputum I quote him below lcgmdmg the chemical icactions 

It is the negative chemical leaction which is of the mocl \alue A urine, 
which on lepeated tests, fails to show «crum albumin probabh is not secreted 
bj a" nfkitned kulnej, and the pbjsicnn is thus spin red on to ‘•enroll foi further 
cause of the tiouble 

With these limitations m mind, we have recourse fo a host of valuable short 
cuts when appioaching a case difhcult of diagnosis For example, here is a 
patient with a fever probablj caused hv the tvphoid bacillus, hut the Widal 
leaction is as jet negative, and a diagnosis cannot he made without further 
evidence Holding in mind this patient, let us consider for a moment the chemical 
urinary test devised bv M Rus«o This is n simple little reaction which max be 
applied by am phjsician with a test-tube, some inetbj lenc blue and two minutes’ 
time, and the technic of which is icpeated so frcqucntlv in curicnt medical 
hteratme that I have not thought best to give it space licie The lnrv phjsician 
hoped tint the positive reaction would enable lnm to diagnosticate nil bis cases 
without having to studv his patients, and ns soon ns lie was disappointed, he 
condemned the test in no unceitnm language It is not to be denied that the 
positive reaction is found elsowheic than in enteric fever, but iccalhng that it is 
the negative leaction m clinical chemistiy which aids ut> must, suppose we npplj 
it to the patient mentioned above, hoping that it mav seive us as a short cut 

The test is negative What is oui conclusion’ If this patient has a fever, this 
is piobably not caused bj the typhoid bacillus, and we mnj as well set about 
seai clung elsewhere for the cause of the trouble Of course, such a presumption 
is not fair unless the test is repeated at ficqucnt intei vals I have seen this 
test m its negative phase direct the phjsician to an abscess of the gallbladder 
and in anothei case to a pj'elitis 


SUMMARY 

1 The constant positive leaction in typboxcl fever and its lare appear- 
ance m other conditions, gives tins test maiked conoboiative value A 
negative reaction is very good evidence that the condition is not typhoid 
fever 

32 Williams, B G R Some Shoit Cuts to Diagnosis Med Times, Decem- 
ber, 1912, p 361 
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2 Its prognostic value is to be doubted, but its continued appearance 
m severe cases, and reappearance in relapses is important 

3 Its simplicity strongly recommends it, with certain limitations, 
to wit, that a diffeientiation of the true greens from the bluish-greens 
is a matter of practice and experience 

I Its veiy early appearance will aid m isolating a suspected patient 
at once, and general prophylactic measures will be instituted 

5 The success met with m this series with the modified technic 
should msuie a complete investigation for this reaction 
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AN INTRODUCTION TO TUI STUDX OT INTI CTION AND IMMUNITY INCLUDING 

Serum TnnRAry, Vaccine Iiierapy, Chemotiiervey and Serum Diagnosis 

By Charles E Simon, MD , Professor of Clinical Pntliology and Experimental 

Medicine, College of Phvsicians and Surgeons, Baltimore Octal o, 301 pages, 

illustrated Clotli, $3 25, net Lea <L Teluger, Philadelphia, 1912 

The immense and rapidly increasing literature on the subjects considered in 
this book, the novelty of many of the discovencs and the complexity of terminology 
make commendable efforts at a connected account of the present situation From 
bis own participation m the subject and lus success as a bookmaker, the author 
of this work was justified in undci taking it On the whole, he maj be congratu- 
lated on Ins success He has given a fairlv adequate mow of the theorj and 
practice of the subject It is especially true of the more “practical” chapters, 
for m the introductory part the author indulges in a fancy for splitting hairs and 
for obiter dicta Thus, it seems unnecessary to exalt immunity studies In empha- 
sizing the imperfection of previous knowledge The folly of such a course is well 
illustrated when, after the trite and o\ erw orked emphasis on the imperfections of 
art, the autlioi grudgingly admits that it is a debatable point whether the means 
at Nature’s commands are, after all, perfect He might get some suggestions from 
a recent paper by Maverick (Med Rcc , Oct 12, 1912) As the latter suvs, “What 
does Nature do for the patient in the stupor of tjphoid, with rennl calculus, ulcer 
of the pjlorus, a torn cervix, high blood-pressure?” We doubt if it is true, and 
feel sure that the author cannot prove, that “tjphoid fc\er patients always 
still pursue the same course which was so well described by the physicians of the 
middle ages ” We are not sure where the author finds his references, but belicv c 
that while some medieval physicians, like Nathan Smith at a later period, cared 
w ell for tlieir patients, those of to day pursue a much better course than they 
did fifty or a hundred years ago 

A similar obscurity surrounds the author’s discussion of infection, winch has 
no advantages over the current ideas among thoughtful w liters The same 
tendency is shown m the discussion of virulence, though in this the practical 
relations of virulence, the effects of passage through animals and capsule forma- 
tion are admirably described 

The most important discoveries m immunology are well and clearly described 
so that the various theories, the terminologies and the important phenomena, like 
anaphylaxis, active and passive immunity and chemotherapy, aie adequately 
presented 

The most useful preventive and therapeutic methods are well described, chemo- 
therapy is sufficiently described m connection with salvarsan, and the work 
closes with a clear description of diagnostic methods including the Widal, Wasser- 
mann, tuberculin and luetm tests It will prove a useful guide to physicians, 
and a convenient reference for advanced workers who are not able to obtain first 
hand information on all the problems discussed 
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THE RELATION OF GASTRIC AND DUODENAL ULCER TO 

VASCULAR LESIONS 

W OPHuLS, M D 

SAN TRANCISCO 

The impoitance of local clistui bailees in cnculation m the etiology of 
gastue and duodenal ulcei appears to be a well established fact with the 
majoutv of those who have made a close anatomical study of this con- 
dition Still tins view seems to be fai fiom geneially accepted Only 
a shoit time ago a special committee was oigamzed m Gennany foi the 
collects e investigation of the causation of ulcei of the stomach In its 
cnculai this committee makes the following statement “The natnie of 
ulcei of the stomach has not ret been explained Even if we have been 
successful m pioducmg gastue ulcei s experimentally, with all their 
chaiactenstic signs, yet the etiology of gastue ulcei in man is practically 
unknown ” Scliut / 1 says quite lecently 

We still have veiy incomplete and maccuiate ideas as to its etiology and 
its development and in this legal d have to lesoit to hypotheses Even the 
expei imental investigations of gastue ulcei, lesumed lately, have not advanced 
us veiv much All these investigations laboi undei the difficulty that the 
ulcei ations which weie pioduced expei imentally lesemble the ulcei s obseived 
in man in then appeal ance but not in then couise They have confhmed the 
old expei lence that local distui bances in cnculation play a pait in the pioduc- 
tion of the ulcei s, but they have not been able to give an adequate explanation 
of then peculiai couise 


4 Submitted foi publication m The Archives, Feb 19, 1913 
' Fiom the Pathological Laboi atoiy, Stanfoid Univeisity Medical Depaitment 
1 Scliut? Ulcus Ventnculi und Ulcus Duodeni Wienei Klin Wchnseln , 
1912, xxv, 1513 “Wn betiefts iluer Aetiologie und Genese noch leclit unvoll- 
kommene und unklaie Beguffe haben und m diesei Hmsicht nach wie voi auf 
Hypothesen angewiesen sind Audi die m neueiei Zeit wiedei aufgenommene 
expei mientelle Eiforscliung des Magengesclnvui s hat uns m dieser 

Riclitung nicht eiheblich voi waits gebiaclit Allen diesen Unteisuchungen liaftet 
eben dei Mangel an, dass die Kunsthcli eizeugten Gesclnvuis-piozesse wolil in 
llnei Foi m, nicht abei in llnei Verlaufsweise sicli nut den beim Mensclien 
voikommenden Gaschwuren veigleiclien lassen Sie liaben nui die alte Eifalnung 
bestatigt, dass lokale Znkulations stoi ungen bei dei Entstehung dei Gescliwure 
cine Kolle spielen, ubei die Uisache lines eigentumlichen Veilaufs haben sie uns 
kerne genugende Ei klai ung zu gebeti vermocht ” 
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A veiy sinnlai point of view is show n in a xeiv mteiesting aiiicle by 
Aschotl- dealing with the mechanical conditions which aie of linpoi lance 
m the pathogenesis of gamine nleei and m winch he conic** to the follow- 
ing conclusion 

At am late the aho\e mentioned im obligations pci nut of the eonelnsion that 
although distui bailees of en dilation of .ill soils me of unpoi tnnci in the develop 
nient of acute ulccis, then chionic chainctei, then location and their shape depend 
pinnaiilv on mechanical conditions, on prolonged contact with gastric juice at 
plijsiologic 01 pathologic points of nan owing on mechanical friction and sticss 
at the lessei ennatme along which the ingesta pass to the p\ loins, and do not 
depend on pnmaij disease of the blood-vessels 

Yeiv much the same position is taken b} Bolton 1 in England TTe 
says 

‘the main object of the paper has been to show how. 1>\ m extension of an 
acute ulcei and the seeondan lnflnmmatoix thickening which affects the same 
and is a neccssm consequence of the nutria ted condition of the ulcei, a chionic 
ulcci anses f Jhc funnel shape of an ulcei is not due to the fact that it niiscs 
as a lesult of in«cu1ai occlusion it is match the result of the mode of spiend 
of the ulcei ” 

It maj not be out oi place theieioie, to legate the ica-ons advanced 
foi the belief that gastnc and duodenal nltei s aiwe pinnaiil) fiom 
vasculai lesions and to add a tew peisonal obsenalions which suppoit 
this idea 

Vnchow til at pointed out eleail) the apjiaient lelation of local vn*- 
culai distmbances to gastuc, ulcei He states 4 that act oidmg to Ins 
evpenence the ulcei ation is pieccded bj a hemoiihagic neciosis of the 
mucous membiane and the di«tm banco m cnculation which is it= cause 
he is inclined to attnbutc to vasculai lesions He mentions in paiticnlai 
disease and obsti notion of aiteiies lie points out that onh a local 
cause will account foi such an exquisitely localized lesion'’ and he is said 

2 Aschoff IJehei die Meclmnisclien Momenta in dei Pnthogcnesc dcs i linden 
Magengesehwuis und ubei seine Bczichungen /um Kiehs Dcutsch mod 
Wehmcln , 1012, \\v\in, 494 “Tcdenfnlls lass t n die obigon Unteisclmngen den 
Scliluss /u, da«s /war fur die Entsteliung dei akulcn Gcschwiire Znkulations 
stoiungen allei Ait, fin das Clnonischweiden, den /it/ und die Foim dei Gesch 
wure aber vor allein mechamsche Momontc, langeiei Stillslandshontahl mit deni 
Magensaft an den phisiologischcn und pathologi«chcn Engpussen mecham«che 
Keibung und Sclnebung an dei Gleitkuintui, abei Koine pumaien Gef.issei 
kiankungen heian/u7iehen sind ” 

3 Bolton Origin of Clnomc Ulcei of Stomach in Acute Vauetj of Disease 
Quait Joui Med , 1912, v, 429 

4 Virchow Histoiisclies, Kutisches und Positnes 7 in Lelue der Unteileibs- 

affeetionen Virchows Aich f path Anut, 1853, v, 362 “Eine solche Untef 
brechung (dei Calculation) kann gewiss auf melnfaclie Weise gescbelien allien 
ich halte es fui uchtig, nacli dem, was lch geseben babe, dass sie meistentheils 
auf Erkiankungen dei Magengefasse /ui uckzufulnen sei ” 

5 The local cliaiactei of the lesion m gastnc ulcei had alieady atti acted 
Cruxeilluei’s attention In Ins original descnption of gastnc ulcei (Ciuveilluei 
Ariat patliol du coips Humam, etc, Pans 1S20 1S35, \) he exclaims “Mais 
pourquoi un point, un seule point de l’estomac est il pi ofondOnent affecte ” 
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to have pointed to the funnel shape of the ulcers as an additional aigu- 
ment of then relation to the vascular system 

Meikel 0 seems to have been the hist to publish eases of gastric ulcei 
m which vasculai lesions weie actually demonstrated One of them was 
that of a woman of about 100 yeais of age with veiy nraiked atheioma 
and geneial aitenoscleiosis, in whom he found at autopsy an acute pei- 
foiated duodenal ulcei due to a plainly visible thiombosis of the aitena 
panel eatico-duodenalis 

The most important woik, howeiei, was done by Hausei 7 m 1883, 
and published m his excellent monogiaph on gastric ulcei and its i ela- 
tion to eaicmoma Hausei refers to Meikel’s cases and lecounts a case 
of Ins own of a lecent gastnc ulcei m a woman of 54 yeais of age In 
the sections from the ulcei he found an artenoscleiotie arteiy filled with 
thiombus After a caieful analysis of the whole problem he comes to 
the following conclusions 


'lhe hemoiihagic mfaict winch piecedes the foimation of the ulcei lesults 
always fiom a penuanent mtenuption of the circulation m the small aitenes 
which ascend fiom the submucosa into the mucous membiane The distuibance 
m circulation may be caused by embolism oi by autochthonous thiombosis oi 
teai mg of such an aiteiy The hemoiihagic mfaict is followed by a chi onto 
ulcei, only when the distuibance m cn dilation follows local disease of the blood- 
vessels of the stomach In case of local disease of the gastnc vessels the ulcer 
assumes a chionic atonic chaiactei, because the development of blood-vessels 
which is necessaiy to peimit healing cannot occui noimally fiom pathologic 
blood-vessels The degiee of vasculai disease, thciefoie, detei mines the moie or 
less chionic chaiactei of the ulcei 

The last statement m legard to the chionic ulcei of the stomach is of 
particular nnpoitance, because it is offered as an explanation of the fail- 
uie to pioduce chiomc ulcers by experiments which otheiwise confirmed 

0 Merkel Kasuistischei Beitiag zui Entstehung des l unden Magenge- 
schwuis, Wien med Piesse, I860, vn, 754, 770, Zui pathologischen Anatomie 
des Magengesehwui s, Wien med Piesse, 1809, \, 913 

7 Hausei Das chiomsche Magengesehwui Sem Vemaibungspiocess und 
dessen Beziehungen bui Entwicklung des Magepcai emoms Leipzic, E C W 
Vogel, 1883 “Dei zum Geschwui fuhiende haemoi i hagisclie Infaikt del Magen- 
schleimhaut bildet sick stets mfolge emei daueinden Unteibiechung des Blut- 
stiomes m den klemen von del Submucosa zui Schleimhaut aufsteigenden 
4 li tei lenstammchen Diese Cnkulationstoiung kann bedmget sem entwedei duich 
Embolie odei duich autochthone Tlnombose odei Zeneissung ernes solchen 
Ai tei lenstammchens Zum chiomschen Magengesehwui fulut dei haemoi lhagisehe 
Infaikt dei Magenschleimhaut nui dann, wenn die Cukulationsstoiung aus 
emei localen Eikiankung dei Magengefasse selbst heivoigegangen ist Bei einei 
localen Eikiankung dei Magengefasse mmmt das Gesclnvui deshalb emen clnoni- 
schen atomschen Chaiaktei an, weil die zui Heilung eifoideihche Gefassneubil- 
dung von patliologisch verandeiten Gefnssen nicht m noimalei Weise voi sich 
gehen kann, dei nielli odei mmdei chiomsche Chaiaktei des Gesclnvui s ist daher 
duich den Giad der Gefasseikiankuiig bedmgt ” 
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Vii chow's theme Panum,* 5 in ISG2, pioduced an acute gn=tnc ulcei 
with all its anatomical chniaetei i=tic = In embolic ob=ti notion of one of 
the aitene= of the stomach Cohnhenn" poifectcd the technic In inject- 
ing chi ornate of lead dnectl> into one of the ai twine gsndiuae which 
an=c iiom the splenic aiten Animals killed within a tew dat = of the 
e\penment showed txpieal acute gamine ulcei = but all nniniah killed 
aftei the second week showed a nonnal mucous nienihiane .1= an ewdenee 
of the lemaikable legeneiatnc powei oi tin*- Miuctuie which ha* been 
hi ought out nioie and nioie cleaih b\ latei expei nnentation It 1= 
impossible hcie to entei into the numciou- attempts which hate boon 
made since to pioduce gastue ulceis expei nncntalh Suffice it to sit 
that the latest endcawn = m this dnoction h\ Paw 10 and h\ Suzuki 11 aic 
based on C'ohnheim s idea Thee ha\e been somewhat moio successful 
because in then e\peinnpnt« thiough the mo ol injections of hot salt 
solution, dilute foimaldched and dilute alcohol (Paw) 01 of =ileei 
nitiate, epinephiin 01 dilute solution of nicotm (Suzuki), nioie oxton- 
sne local ea=culai lesions haec been pioduced Thi« piaeticalh confiuns 
ITausei s statement in icgaid to the intei dopendem e ot the degiee of 
\aseulai (listen banco and the ehionieite of ihe ulcei But in these 
expenments eeen, the clnonic ulceis so piodmcd which nun peifonte 
and which may show c\ten«i\c < icatiization with contiaction in then 
sunoundings, heal eecntualle It is owdenth impossible expei imentalle 
to icpioduce exactly the conditions a« thee exist in man, but the 10=0111- 
blancc of these expeumental ulceis to those in man is erne sinking 12 

ITausei made anothei eeiy impoitant obspnation Tt had been 
asseited then, and is still fioquenth asseited now that ulcei of the 
stomach is most frequently found 111 eoting indiwduals, moic espeeialh 
in young women suffeung fiom chloiosis Thi= wow is based on the 
clinical expei lenee that such indiwduals often = u tlci fiom wm])toni= 
like hcmatemesis, wducli aie commonly attiilnitcd to ulcei Fioquenth 
hoevevei, this clinical assumption lacks sufficient justification in fact as 
is shown by the expei lenee of suigeons who haec opeiatcd on such 

8 Panuin Beitiugc /ui Lelne con dei Embolic Vn chows Aicli, 1802 xxe 
400 In a dog lie injected globules of black wax llnougb a c.itbetci intioduced 
into tlie ci uial arten and pushed to tbe lowei boidei of tlie libs The animal 
died nine and one half boms aftei tbe expei linent In ihe fundus of tbe stomach 
lie found an ulcei of tbe si/c of a ha/elnut with black -wall and bottom t\ax 
was found m aitenes in tlie muscle and some 111 tbe black maigins of tbe ulcei 

0 Cohnlicim Vorlcsungen iibei allgcmeine P itbologie, Beilin, 1880, 11 , 53 

10 Payr Ueber Patliogenese, Indikationstcllung und llieiaine des l unden 
Magengeschwurs Deutscb med Wclinscbi , 1000 xxx\, lSOG, Beitiuge zui 
Patliogenese, patbologiscben Anatomic und ladicalen opeiatnen Tbeiapie des 
runden Magengescbwui s Aicli f klin Chn , 1010, xcm, 430 

11 feu/uki Expei imentelle Ei/eugung des Magcngeschw 111 s, Aicli f him 
Clnr , 1012, \cv 111 , 032 

12 See pliotogiaplis m Payi’s and Su/uki’s papeis (1 c, notes 10 and 11) 
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patients Bausei, looking ovei the mateiial of the pathological institute 
at Eilangen, discoveied that so fai as neciopsies show, ulcei of the 
stomach is not so exclusively 01 even fiequently a disease of the young 
as had been supposed I11 his senes the majonty of cases oceuned aftei 
30 . This observation of Hansel’s has been latei confhmed by much 
laigei statistical mateiial Obemdoifei, 13 who bases his statistics on 
3,412 necropsies, among which theie weie 239 cases of gastric ulcei or 
of scais lemammg fiom the same, gives the following table m regard 
to ages 


Age, yeai s 

Cases 

Age, yeai s 

Cases 

10-19 

5 

50 59 

49 

20 29 

21 

60 69 

55 


— 

70-79 

33 


26 

Ovei SO 

11 

30-39 

24 



40 49 

41 


213 


The piepondeiance of individuals o\ei 30 is evident He also makes 
the significant statement, that m old age one finds not only old ulcei s, 
but fiequently fanly lecent ones Obemdoifei’s statistics also collect 
the impiespion that gastric ulcei is 11101 e commonly found m women 
than 111 men He finds exactly the same piopoition 111 both sexes He 
also shows that ulcei of the stomach is 311st as common m Munich as else- 
wlieie, wheieas Munich was supposed to enjoy a peeuhai lelative immun- 
ity fiom this disease Theie is perhaps no othei disease 111 which we have 
been indulging in ^0 many pieeonceived notions which it is so difficult to 
eiadicate when they aie once fairly established Paus, 14 m Chiistiama, 
Hoi way, on the basis of 100 cases of gastnc and duodenal ulcei, estimates 
the aveiage age 111 man at 50 14 yeais and in women at 48 % yeais 

Hausei was also the fiist to call attention to the fact that gastnc 
ulcei is fiequently associated with geneial aitenoscleiosis, which, of 
couise, suppoits the vascnlai theoiy This lemaikably close association 
was what called my attention to the matt ei I11 studying aitenoscleiosis 
the lathei common occunence of gastnc 01 duodenal ulcei 111 aiteno- 
scleiotics became so evident that almost unconsciously I began to look 
on it as a lesion comparable to aitenoscleiotic scais 111 heait and kidneys, 
and I have so tieated it m my papei on subacute and chi 0111c nephritis 15 

Apait fiom the peculiar funnel shape of many of the deep ulcei s, 
theie is one featuie which to my mmc! points veiy stiongly to a lelation 
of the ulcei ation to local disease of the aiteries This is the fiequent 

13 Obemdoifei Uebei die H.iufigkeit des Ulcus lotundmn veiitneuh m 
Munchen Munclien med Wclmsclu , 1909, Ivi, 1640 

14 Paus Statistische Bemeikungen ubei peplisclie Ulcei ationen Beil 1dm 
Wclmsclu , 1912, xli\ 397 

15 Ophuls, W Subacute and Clnonic Neplintis as found m one thousand 
unselected neciopsies The Archives Int Med, 1912, i\, 156 



474 


Tin: uwnnnh of ism it* \l mfdjcim: 


eiosion of aitenes ai the ba«c of the* ulcci, followed In specie ai tonal 
liemoiiliage If the blood-ecssels weie meieh accidentally opened In a 
giadnal extension of the ulceiation into the tissue* theie is oecie ien*on 
to belieee that x em^ would be nioie likclj to be ojiened than ai tones 
Tins point lias lealh not lccencd the attention which it depone'- One 
ha* taken this fact of the fiequcnt eio^ion of aitenes as a niattci of 
eouise, winch it n not at all, and it n astonishing liow indefinite the 
statements in liteiatme aie in legal d to this plane of the snbiect The 
m a,] 01 it} of authois aie quite content t<i lepeat C'nneillnei * hapha/aid 
statement that *c\eic liemonhages aie apt to come ftom the splenic 
aiteiy, w’hicli, *o fai as ni} exponent e goes, is \on exceptional to c a} 
the lea=t The hemonhages come fiom those ai tones wluth suppl} that 
pait of the ga*lnc 01 duodenal wall m which the uleen aie situated, 
that n m the usual position of these ulceis the hemoi ihage ames fiom 
blanches of the aitena gastnea 01 gastio-e]>iploica dextia 01 of the 
aitciia panel eatico-duodenalis If the ultei i« the ie-ult of obstiuction 
of such an aitei) eithei In disease 01 embolism, one nndei stands at once 
win the neciosis should imohe these aitenes, and an opening lesult 
when the ncciotic matenal n icmoeed In digestion The wondci is 
then, not that we lane so mam soeeie hemonhages but that we do not 
haeo them cion moie fiequenth 

Much has also been c aul about the abundant blood-supple of the walls 
of the stomach and duodenum and about the numeious anastomoses 
between the aitenes As a mattei ol fact am one who takes the ti cubic 
to dissect the aitenes of the stomach will be astonished bow pooile 
supplied with aitenes aie those paits of the wall ol ihe stomach and 
duodenum wheic we usually find ulcei" This is paiticulaih tine of the 
extieme pylonc end of the stomach at the lcssei cun at uie and on the 
postenoi w r all, and of the beginning of the duodenum at it* comexity 
In the living, W J Maeo 10 noticed the appeal ance oi ail anemic spot 
on the duodenum on the slightest ti action ITe saes 

The an angeinent of the blood -vessels lminedialch distil to the p\ loms is such 
that this tiaction m.i\ intei feie with the enstulnii/niion and the local inenna 
thus pioduced causes a white spot to appeal on the duodenum inst below the 
peloius 

Wilkie 17 made a veiy caieful study of the blood-supply to the tiist 
pait of the duodenum He finds that the spot desenbed by Mayo is 
supplied b} a small arteiy of vaiymg oiigm (the “supi a duodenal” aiteiv) 
wdncli is piactically an end-aiteiy He also states that anastomoses 
between some otliei aitenal blanches winch supply the fiist pait of the 

16 Mayo, W J Anemic Spot on the Duodenum which may be Mistaken 
for Ulcer Suig Gyn and Obst, 1908, m COO 

17 Wilkie The Blood-Supply of the Duodenum Suig, Gyn and Obst, 1911, 
xm, 399 
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duodenum are by no means fiee He mentions in eases of duodenal 
ulcer the frequency of arteriosclerosis m the aitenes which supply the 
site of duodenal ulcers, and for all these leasons he belreres that lack of 
blood-supply is an important faetoi m the production of duodenal ulcer 
Payi 18 also calls attention to the frequency of tlnombotic or arterio- 
sclerotic obstruction m aitenes m lesected specimens of human ulceis 
The accompanying tables give the results of my own obsenations 
The cases aie unselected ones, found among about 1,500 necropsies 



Fig 1 — Photogiaph of ulceis m Case I, 18 (XYI-5S) 


I believe that Table 1 bungs out strikingly the frequent coincidence of 
well-marked general aitei rosclerosn with what for want of a better name 
we may call ‘‘elnonic gastric or duodenal ulcer m individuals over 30” 
In all cases m which such an examination was possible a microscopic 
examination of the aitenes at the base of the ulcer showed very marked 
thickening of the intima, and frequently m addition complete closure 

18 Payr Deutsch med Wclmsehr, 1909, xwv, 155G “Die Gefasse finden 
uir niclit selten m Bereicli dieser Starre \ erandert , sie ziegen Wandverdickungen, 
Endarteritis, Endophlebitis Organisation naeli tlirombotiselien Yerscblusse ” 



TABLE 1 — Casi s or Chronic Ulciii or Stomach 




Age 

Location and Appeal mice 

Condition of Artenes, 

No 

Se\ 

Yea is 

of bleei 

Local 

1 

Male 

0\ei 00 

Shallow (bionic ulcei at Icsm i 

Not examined 

I 73 



cumituio 


2 

Male 

G\ei 70 

Deep clnonic ulcei 1 5 \ 1 cm in 

Not examined 

I 77 



pa lone legion, bead of p melons 
nnohed 


1 

Male 

About 10 

De( p (bionic ulcer 1 \ 2 cm m 

Not examined 

I 100 



posteiioi wall of pi lorus 


1 

Female 

0\ ei 00 

Deep (bionic ulcei si/e ot cjunr 

Not examined 

IV 58 



tei in postenoi wall of p\ lorus 


5 

Male 

3 \ 

Bather ‘•hallow cliionu ulcei 

Mai kid aiteno-cleio'is 

IV 71 



0 \ 2 cm on le-'-er euruitnre and 

ot small arten at 




antenoi wall at pilorus 

base 

0 

Male 

13 

Deep clnonic ulcer 1 \ ‘2 5 (in on 

Not ixammed 

IV 82 



bssei tun time neai piloius 


7 

Male 

3 3 

Deep cliionu ulcei 2 cm in diam 

! Marked ai tenoscleiosis 

V 120 



etei on lessei (iiriuture and 

of all artenes ntu ul 

1 



antenoi wall mai pxloru*. 

in one entuch closed 

8 

Male 

01 

Deep (luoiiH ulcer 1 5 cm m 

Xot examined 

1\ 50 



diametei at ptloin- 


0 

Male 

01 

Deep ibionie ukc I about 1 5 tin 

Xot examined 

\ 58 



in diametei at ptloni- 


10 

Male 

0\ei 00 

Deep (bioiin ulcei ,1 (111 111 

Maiked aiteno«cleiosi- 

IX 07 



diametei in postenoi wall at 

in artenes at lias? of 




p\ loins 

ulcer 

11 

Male 

72 

Deep clnonic uhei 1 5 (in in 

Xot examined 

XT 2S 



diametei in duodenum 2 mm 
fiom pi loins 

Xot examined 

12 

Female 

30 

‘small clnonic ulcei in autiuoi 

XI 41 



wall neai lessei (unature 
clnonic pei foiatnig ulcei in po- 
tenoi wall ot duodenum near 

p\ 1(11 lls 

Xot examined 

13 

Female 

40 

Clnonic ulcei 2 \ 1 cm in ante 

XII 38 



lioi wall about 1 cm fiom 
bssei cunatuie about 10 cm 
fiom ]>n loins 

Ver\ maiked aiteno 
scleiosis in all ai tona l 
branches at base of ul^ 
cei extending beiono 

14 

Male 

About .5,5 

Clnonic ului about 1 \ 1 5 cm 

XIII 14 



at lessei cunatuie half win be 
tween cudia and piloius 





cicatnx 

15 

Male 

45 

Clnonic ulcei about 1 5 cm m 

Xot examined 

XIII 112 



diametei on lessei cunatuie 


10 

Male 

45 

5 cm fiom pi loins 

Clnonic ulcei on les«ci cun a 

Not examined 

XIV 10 



tuic half wav between pj loins 


17 

Male 

07 

and caidia 

Clnonic ulcei about 1 5 x 0 75 cm 

Not examined 

XV 00 



in duodenum about 1 cm fiom 
pyloi us 


18 

Male 

About 50 

Two small clnonic ulcei s about 0 

Veiy maiked uteiio 
sclei osis of ai tei ia^ 

XVI 58 



mm in diametei about 0 5 cm 



fiom pj loins one on lessei 
cnivituie, the otbei about 2cm 

blanches i mining 
ulcei and of utenoles 




fiom it on postenoi wall 

m base of ulcei 








Associated with General Arteriosclerosis 


Condition of Aitenes 
Geneial 


Condition of Aoita and 

of Heai t Remarks 


Maiked peupheial artenoscleiosis, 

laige aitenoscleiotic scais m lieart 
and kidnejs 

Marked peripheial aitenoscleiosis, 

laige aiterioselerotic scais m kidneys 

Evtieme artenoscleiosis of small aitei- 
les, aitenoscleiotic nephritis 

Aitenoselerosis of eoionanes and aite- 
lioscleiotie scars m kidneys 

Slight aitenoscleiosis of laigei artei- 
les, artenoscleiotic scais m kidneys 


Model ate aitenoscleiosis of peupheial 
aitenes, aitenoscleiotic scais m kid- 
neys 

Artenoscleiosis of splenic and lenal 
aitenes 

Maiked peupheial aitenoscleiosis, 
neeiosis and aitenoscleiotic scars in 
heart, aitenoscleiotic softening of 
bi am , ai tei losclei otic seal s in kidneys 
Maiked peupheial artenoscleiosis 
with ceiebial softening, artenoscle- 
lotic scais m heait and kidneys 
Modeiate peupheial aitenoscleiosis 


Maiked peupheial aitenoscleiosis, 
aitenoscleiotic scais m kidnejs 

Peupheial aitenoscleiosis, aiteno- 
sclerotic scais m kidneys 


Maiked atlieioma of aoita, Death fiom suppura- 
lieait twice noimal size tive cholecystitis 

Maiked atheioma of aoita, Death fiom broncho- 
atiophy of lieait pneumonia 


Slight atheroma of aoita, Death from stiepto- 
coneentric hypeitiophy of coccus tonsillitis 
left ventncle 

Maiked atheioma of aorta, Death fiom carcinoma 
atiophy of heait of cecum 

Slight atheioma of aoita, Eiosion of aiteiy 
mat Led hypeitiophy of left 
'vent) tele, heait twice nor- 
mal size 

Slight atheioma of aorta, Peifoiation, local ab- 
heait noimal seess, erosion of 

aiteiy, laige hernor- 
lliage 

Atiophy of heait Eiosion of aiteiy, 

laige hemonliage 


Modeiate atheioma of aoita, Eiosion of aiteiy, 
Heait % noimal size fatal hemonliage 


Modeiate atheioma of aoita, Eiosion of arteiy, 
Heait % noimal size fatal hemonliage 

Noimal aoita, noimal heait Eiosion of aiteiy, 

fatal hemonliage 

Veiy maiked atheioma of Death fiom bioncho 
aoita, heait 3 /> noimal pneumonia 
size 

Atheioma of aoita, heait Peifoiation, acute 

1 Vj times noimal size pentonitis 


Moderate penplieral aitenoscleiosis, Modeiate atheioma of aoita, Peifoiation, subdia- 

aitenoscleiotic scais m kidneys heait noimal phiagmatic abscess 

Modeiate penplieral aitenoscleiosis, Aoita and heait noimal Seveie local aiteno- 

aiteno«cleiotic scais m kidneys seleiosis, death m 

epileptic coma 


Maiked peupheial aitenoselerosis Slight atheioma of aoita, Stenosis of pyloius, 

with multiple thiombosis maiked eoncentnc hypei- dilatation of stom- 

tiophy of left ventncle ach 

Maiked aitenoscleiosis of some pen Slight atheioma of aorta, Peifoiation, local 

lpbeial aitenes, aitenoscleiotic scais noimal lieait abscess foimation 

m kidneys 

Maiked peupheial aitenoscleiosis in- Slight atheioma of abdom- Death from unresolved 
eluding laige abdominal aitenes and inal aoita, heait li/> to 2 pneumonia 

branches, artenoscleiotic scais m times normal size 

heait and kidneys 

Maiked peupheial aitenoscleiosis, Moderate atheioma of aoita, Case of tiansverse 

small aieas of softening m brain, heait V? noimal size myelitis and chronic 

small aitenoscleiotic scais m kidneys pulmonaiy tubeicu- 

losis 
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by subsequent tlnombosis TliC'-e weie by fai tbe most numeious cates 
of gastue 01 duodenal ulcei (IS out of 23) 

One should not, howetei, imagine that it is alwa\s an oas\ matter to 
find the diseased aitc\\ Fieqnenth numeious sections must be cut 
fiom difleient places, m otlici woids (lie whole flow of (lie ulcei must 
be studied nncioscojnealh, beioie (be diseased nitei\ 01 aifenes are 
found It is astonishing bow ollen dneeth adioimng an almost noimal 
aiiei> one finds anothei blanch which is badh diseased (Fig 5) 



Fig 2 — Phologiaph of oulci suiface of stomach in Case I, IS (XVI 3S), 
showing ai tei losclciotic aitcncs leading to ulcei 

The most inteicsting ease of this cones is the last one (No IS, mu 
58) Figuie 1 gives a pictuie of the gloss lesions Thcie weie in a case of 
seveie geneial aitenoscleiosis, two small almost synmetncal chionic 
ulcei s on eitliei side of the lessei cunatuic, somewhat neaiei the caidia 
Figure 2 shows the aitenoscleiotie blanches of the aitena gastuca which 
can be tiaced to the base of both ulcei s which aie situated at X X Fig- 
uies 3 and 4 shov r sections of these aiteues Figuie 3 some distance fiom 
the ulcei and Figuie 4 the same aiteiy m the cicatncial tissue at the 
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base of one of the nlceis (I may say that conditions m the othei nlcei 
were very snnilai ) In Figuie 4 the aiteuoscleiotie nail owing is 
appaientlv intensified by an additional obstiuction with oiganwed 
thrombus 

One question remains to be answeied How do we know that the 
obstiuction of the aitenes in these cases is pnmaiy and not secondaiy to 
the chionic mflammatoiy changes at the base of the ulcers, as has been 
claimed so frequently? In the first place we can point to a well-maiked 
geneial aitenoscleiosrs in all cases which, although fiequent at this age, 
is not so constant that we should expect to find it so legulaily and so well 



Fig 3 — Mi ci opliotogiaph ol aiteuoscleiotie aiten in Case I, 18 (XVI-58) 
neai ulcei 


developed In the second place, the lesion of the aitenes can always be 
followed up to points well beyond the cicatncial base of the ulcei 
Thndly, m a numbei of cases at least, the lesion is histologically evi- 
dently arteriosclerosis as defined by Joies; that is, there is an abundant 
splitting up of tire elastic membiane between ultima and muscle and 
much new'foimation of elastic tissue (Figuies 3 and 4) But even m 
those cases m which this is not so evident, I still believe that we have to 
deal with aiteuoscleiotie lesions as distinct fiom local endarteritis The 
condition represented m Figuie 5 is almost conclusive on this point 
This photogiaph shows a rathei cellulai mtmial thickening m a blanch 
of one of the gastne artenes without any new formation of elastic tissue 





Fig 5 — Mici opliologi apli of aitcno=cleiosis of biaiich of g*^ 1 ' C ^hoiit Gastric 
out hypei plasn of clastic tissue m case of geneial aitcnosclei 
ulcer (Case P, 371) 
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j\g c — Miciophotogiaph of diseased aiteiy ending abmptly on flooi of 
uleei in Case I, 10 (1X67) 


Fig 7 — Miciophotogiaph of eellulai mtimal thickening m aitery some dis- 
tance away fiom uleei m case of gastnc uleei m a young man (Case II, 3, 
VII-93 ) 
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in a case oi general tnlenoseleiosis. Then* was no gaMm ulcei present 
m tins case, tlieicfoie no local inflamnialion which could jiioduce ond- 
ailcntis This ca«c is also pnilienlaih interesting because there was a 
small ccai m the outei laiei of the mu^culai nail of the stomach at the 
point supplied In the obsti lifted ai ten . in othoi words, a legion abso- 
lutely identical in oiigm with an aitei undciotic ‘•(ai of the heart mu=cle 


IA11LII 2 — ( am n 01 t uiioMc Lieut oi Stomach 


No 

Se\ 

Age 

3 euis 

Lot at ion and Appeal ance 
of Lleei 

Condition of Artei ic«. 
Local 

1 

III ill 

Male 

n 

Deep < Inoim ulcer 1 un in (ham 
etei it p\ louts over load of 

Miuhul niUriosclcrosie 

2 

V~S8 

Male 

21 

pane re is 

Old scar and pet hunting ulcei 

1 (in in dunm tei in duodenum 
m*ai pilot ux 

Mnikul 1 icutc” aitei 10 
scleiosib of all aitei 
it's ncai ulcei and bear 

3 

VII 03 

1 

XV-131 

Male 

Male 

V) 

10 

Shillow (bionic ulur 13 (in m 
dminetd on lessei (iinntim 

3 (in fiom p\ hulls 

Clnonu pu hunting ulur uhout 

1 3 (in in diium hi in wall oi 
duodenum 2 nun fiom jnloiu- 

At base huge aiten 
almost obliterated In 
“acute” endnitentis 
* 

* No ailcrioscleiosis ni some of the ait<ri(s m m u hut at In" 

of ulcer one aiten and 




’] ABLL 1 — Acotl llMi’oric 

No 

Sex 

Age 

Yeui s 

Locition and Appounnce 
of Ulcei 

Condition of Aitei les 
Local 

1 

XIV-30 

Male 

03 

Acute deep ulcei about 0\1 5 cm 
in postenoi wall of duodenum 
dneclh adjoining pa loins, pin 
ciens exposed 

T 


T At base of ulcei small peifoiatcul niteia wlncli i" blocked In cash} detached piece of 


Figuie G taken fiom anothei case, is of some intei c c t on account of 
the suggestive w-ay m which the olnti ucted aiteiy opens up on the 
suiface of the nlceiation The aitei} is eioded fiom m fiont and not 
from the side I have found many such places m mi specimen some- 
times several in one nlcei 

In regai cl to the reasons wdiv such ulcei s should become chionic I 
have teiy little to add to Hansel’s aiguments It is meiely a niattei of 
malnutrition of the adjoining tissues which pi events legeneiation and 
udneh we cannot imitate m oui e\peinuents on annuals 
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Mv impiession is that such aitenosdeiotie ulceis in persons orei 
30 heal veiy rarely, and, fiom what I can gathei from literature, they 
are extiemely refractory to treatment 

The second gioup of ulcers (11, 1-4) m young individuals is quite 
different Theie is no, oi veiy little, general artenoseleiosis The arteries 
show a local, usually quite cellular, endaitentis as shown m Figuie 7 In 


xx the Young with Local Arteriosci,frosls 


Condition of Artenes 

Geneial 

i 

Condition of Aoita and 
of Heait 

Eemaiks 

: 

Small aitenosdeiotie seais m kidnejs 

Appaiently noimal 

Slight penpheial aitenoscleiosis 

: 

i 

Slight penpheial aitenoscleiosis 

Atrophy of aoita and of 
heait 

Appaiently noimal 

1 

Slight atheioma of thoracic 
nioi e maiked of abdominal 
aorta, noimal heait 

Heait and aoita small 

Stenosis of pyloi us, 
dilatation and liyper- 
tiopliy of stomach 

Seveie local atteno- 
sclet osis , pei fora- 
tion , acute perito- 
nitis 

Seva e local ai to to- 
scleiosis , fatal hem- 
on hage 

Sevoe local aitoio - 
sclaosis, peifoia- 

tion, fatal pento- 
nitis 

its blanches piactically occluded by artenoseleiosis 


Ulcer or Stomach 



Condition of Aitenes 

General 

Condition of Aoita and 
of Heait 

' 

Remaiks 

Slight penpheial aitenoscleiosis 

Slight atheioma of aoita, 
heart % noimal size 

|Acute embolic ulcei 
fatal hemonhage 

tluombus ( emholus-thi ombi in left heait and m aoita) 


these cases the question whethei the arterial disease is primary or second- 
ary is much more open to discussion, although I am inclined to believe, 
that m such instances also one is dealing with a local primary disease of 
the artenes like that which nobody denies to exist m cases of spontane- 
ous gangrene of the leg m young individuals The one strong reason in 
favor of this view is that the disease m the arteries m these cases also 
usually extends a good distance beyond the base of the ulcei as shown 
m Figuie 7 
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ITcic al c o, a 1 - in the case of eail\ gangicue, the question ames 
n bethel flic lntnnnl thickening is pinnnn 01 M*cr»n<lsu> io tluombobi* 
The Jew cases at im dispo-al haidh jiistifi nn> final conclusions in this 
i cgai cl 

If is quite likel\ that uleeis of tin** -ocond gioup lane a moie maifed 
tendency io heal. unless the mdiudunK die fiom pcttoiation oi fiom 
heinonhnge although in (Ve 11. Table 1 n definite -teno-i- of the 
p\ ioi win pi educed h\ one of them It nun he that Twin 1 ' 1 ha- Mich 
cases m mind when he <-a\- 

I ron-idci tin <tni-inn bttwcui muli ami tinoim tilct * imuli mini nnrked 
Ilian So Belli uni Haw -on has admitted I lm\* Men -ome $00 c i-c* of fiuslric 
ulcci iluuiij! the la-t tlmt\ \we uiul luxe watched then ptofiu-- With icgard 
to t a-cs of fin-tilt ukor iindu 21 if thc\ do not die -uddenh fiom hemorrhage 
and jiei foi ation thc\ unniiahh git welt whoiea- tin ituonu c i-e- aftc*r TO 
foi m niiotlici cl i— con-i-tnig n- often if not iimn oitin of men n- of women 

f do not think it i- well to di-tmgui-h these two gioup* a 1 - acute 
and chiomc uleoi although theie i* ‘•omc 1 1 nth m this di-tinc lion I 
should pi el cm to -peak of them a 1 * the ga^tnc (oi duodenal) nice) of 
the toiing and a- the aileno-c lei otic uhei of latei life 

(Vo d 1 i* a Upical can* of a< ute emholu uhei of the duodenum with 
fatal homon lingo Such uhei- ha\e been iiecjnenth de'-eubed in litcn- 
atuie espetinlh aftei bum- and aftei opeiatmn- (1 lm-elf ob'-ened 
anothei ea-o aftei In-teieetoim ) and aie gcncinlli conceded to he due 
eithei to emhoh-m oi tlnomho=i- a*- the ca^e ma\ he 

( oxc 1,1 mo\s 

Tiom the abote T belietc we aie i notified ,n dinning the following 
conclusions 

1 r rhe ino-t coiumou t\pe of ga^tnc (oi duodenal) ulcci, at least 
m maleiial obtained In neeiopM, is the ailenoseleiotic uleci m poisons 
ovei 30 )eais of age 

2 Theie is a second class of gastnc (oi duodenal) ulcci in the 
young, which is piobnbly due to local endnilentis (thionibo-nitciitis 9 ) 

3 In addition to these, one occasional!! obsenes acute embolic (oi 
thiombotic) ulceis 

fcaeiamento and Webslei Rticct- 

19 T\ son Discussion on Gastuc Ulcci Bui Mod .Tom 1912, u 950 



EFFECT OF CHANGE OF POSTUKE — WITHOUT ACTIVE 
MUSCULAR EXERTION— ON THE ARTERIAL 
AND VENOUS PRESSURES 


JOSEPH H BARACH, M D , and W L MARKS, M D 

PITTSBURGH 

In this eonsideiation we piesent the lesnlts of om investigations on 
the effects produced by change of posture, when this change is brought 
about without effort on the part of the subject It is, of course, under- 
stood that m the standing postuie there is exerted a constant muscular 
effoit, while m the honzontal postuie this element is eliminated 

METHODS 

Oui subjects weie placed on a table with a movable top This top 
was set and balanced so that when the subject was once placed m posi- 
tion, he had no fuither occasion for voluntaiy musculai effort After 
stepping onto the foot-board of the table, which was about 6 inches above 
the floor, the arm-pieces of the blood-pressure mstiuments were attached 
The instrument foi arterial piessure was of the usual type, mercuiy, 
column, cuff 10 cm wide The apparatus for measuring the venous 
pressure was that of the type constructed by Hooker and Eystei, which 
is a modification of the one by Von Recklinghausen The cuff of the 
arterial pressure appaiatus was applied to the light arm at the heart 
level, the venous measui mg attachment, to the left arm whenever pos- 
sible, at the level of the auncle The arterial pressure readings, maxi- 
mum and minimum by the auscultatory method, were made one every 
minute, beginning on the minute, for five consecutive minutes After the 
fifth reading, the venous pressure was estimated The venous pressure 
reading finished, the subject was instructed to lean back m a completely 
passive way, on the table board He was then tilted to the horizontal 
posture, and the table top was fastened down with a chain In most 
instances it would not have been necessary to fasten the board on account 
of the balancing toward the uppei half of the table Five consecutive 
readings of the maximum and minimum pressures weie made m this 
posture, and about half a minute after the last arterial reading the venous 
pressure was estimated The table was gradually retilted to the erect 
postuie when file arterial readings and one venous estimation were again 
made 

* Piesented at the Fifteenth Intel national Congress of Hygiene and Demog- 
raphy, Washington, D C , September, 1912 

’* Submitted for publication m The Archives, Jan 28, 1913 

* From the Department of Student Health, Carnegie Institute of Technology 
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We piesumed that fine rninutes was a sufficient length of time foi ihe 
circulation to oncnt itself m response to the efieeis of this change of 
postuie, and bx eliminating as much as po cc ible, the actne muscular 
efioit, we expected lesults that would lie of easiei interpretation than 
when the subject exerts himself m changing hi* po<-tuics 

Maicnal — The foity-eiglit subjects of the c e cxpoiimcnts were 
studeuts at the Carnegie Institute of Technology, then ages xancd 
between lo and 30 yeais About one-tlmd of thc c e weie members of the 
vanous athletic team 51 Then state of health, then mu^culai deiclop- 
ment, the condition of then lieai is and then c tienglh te'-ts all enter into 
this consideration and will be, 1 expect i\ eh consideied as influential 
factois in the behaMOi of the cn dilation as it lcsponds to changes m 
posture 

Aitcnal Picssuics — The height of the maximum artei lal pie=suies in 
this senes was at the usual lex ol A cunc ba c ed on the ages of the 
subjects would show a gi adunl mo case with the adiance of yeni* 

In comparing the legulanty of the maximum and minimum pies c uie c 
we find that the minimum picture le\el is more constant — is subject to 
less vanation than the maximum. 

It is intei estmg to note m the indnidual cases how much fluctuation 
m the blood-pressuie actually takes place each minute undoi psychic 
influences We haie eliminated almost eieiy othei element in the c e 
experiments except this one, which is largely a mnttei of personal equa- 
tion The erroi due to this is mheicnt m all work, on the healthy and 
diseased on the strong and the weak So far as the reliability of the 
total results is concerned, we believe this to be a neglible factoi, particu- 
larly since w r e earned the experiments ovei a fne-minute period The 
illustrations show this constant oscillation of the arterial pressures 
Venous Piessuie — The venous piessuie readings were taken whenever 
possible on the arm at the level of the subcostal angle, 1 e , at the level of 
the right auricle Such weie the only cases included m our series on 
which we base our figures of what constitutes an aierage normal venous 
pressure 

Our findings m those cases m which w r e had to make our leadings 
below or above the level of the auricle did not always show a constant 
relative difference comparable to the distance above or below r the maik 
In that respect our observations do not bear out those of other 
mvestigatois 

In oui observations on the effect of change of posture on the venous 
pressure, all oui readings are included , since the absolute height of the 
venous piessure did not entei into the consideration 

Pulse Piessuie — With the advent of the auscultatory method for 
estimating the maximum and minimum arterial pressures, we were more 
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certain of our readings in tins work than with the graphic method as 
interpreted by the Erlanger instrument m our former work The aus- 
cultatory method has made the investigation of the pulse piessuie acces- 
sible for clinical study as well as physiological research and we may hope 
for valuable inhumation as the evidences accumulate 

ARTERIAL PRESSURES OE THIS SERIES 

The height of the maximum pressures ranged between 95 and 140 
The minimum pressures between 65 and 92 mm As previously noted, 
the gi eater variation occurs m the maximum pressure, and both maximum 
and minimum blood-pressure use with the advance of years (Tig 1) 

In twenty-two of these cases we have the strength test for comparison 
and study The test consists of measuring according to the inter- 
collegiate standard 

In those whose strength total ranged between 704 and 541 kilo, the 
average maximum pressure m the erect posture was 124 26, the average 
minimum pressure was 79 35, the pulse piessure 44 91, while m those 



Fig 1 — Chait showing averages of blood-pi essuie at different age periods 
The line A-A indicates a higher than aveiage blood-pressuie in trained athletes 


whose strength tests varied' between 505 4 and 355 9 kilo, the average 
maximum pressuie was 120 57, average minimum pressure 74 61 and 
average pulse pressure was 45 96 

These figures will tend to show that the stronger individuals have 
higher blood-piessures This is not entirely true, for the circulation of 
some of oui very best athletes, who are actually human towers of strength 
and enduiance, goes along easily and quietly with a low blood-pressure 
Such a one is m fact the best type of athlete But m a series of athletes 
we meet with many who have trained up to a point of efficiency, and m 
that training have developed a compensatory hypertrophy It is these 
v ho have higher than aveiage blood-pressures, and these occur frequently 
enough to bring up the average (See Line A — A, Tig 1 ) 

Effect of Change of Posiuies on Aitenal Pressures — The blood- 
pressure readings , as previously stated , were taken on the minute for five 
consecutive mmutes, first m the erect, then m the horizontal, then again 
m the erect postures In studying the effect of change of posture on the 
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behauoi of flic aitcnal picssuies, we thought it ad\ liable fo extend the 
leadings o\ei a penod of fne minutes The pie'-'uuc leadings o\ei these 
fi\e minutes ucic aieiagcd and Table 1 ‘-hows the lesulls of the change 
of postuic 

The conclusions to be diawn fiom fhe^c ob=en aliens .ue When the 
element of active musculai exeition Inn been eliminated, the manner in 
which the ciieulatoiy system re t -ponds fo the etlcct of bodily postuic, 
tindei the 'dated condition*, is ns follows In changing from the erect to 
liou/ontal the maximum pic^uic will usually be mcrea c ed, the minimum 
piessuic will almost always be diminished When the elect posture is 
lcsumed. the ninximuin piessuic will almost lmnuabl) fall and the 
minimum almost imaiiably use In the falling of the maximum pies- 
suie, when the elect posture i* lesmned. it will neaih always fall con- 
siderably below the picuous height of the fir*t leadimr while the mini- 
mum piessuic may be higliei 01 lowei than the hid leading with almost 
equal fiequency (Table 1) 


'J ABLE 1 — ErrrcT or Change oi Postuiu o\ Maximum \xn Minimum 

Pm sm i*i 


/—Maximum Prcssuic— . 

J Inn 

/—Minimum Pressure—. 

'J linn 

Erect 

Horizontal 

Erect 

First 

Erect 

Horizontal Erect 

First 

X 

28+ 

7 + 

S+ 

X 

1+ n+ 

27+ 


20— 

40— 

38— 


4 1— 1— 

21— 


First column X = height of maximum picture m erect 
Second column + = mcicisc of maximum pressure when changed to lion 
/ontal 

Second column — = fall of maximum pressure when changed to horizontal 
Umd column — = fall of maximum pressure when changed to erect 
Third column -f- = rise of maximum pressure when changed to erect 
Fourth column — = the height of maximum pressure was lower when the 
erect posture was resumed, than the first readings in the erect 

Fourth column -j- = height of maximum piessure gi eater tlnn first 
Columns 5, G, 7, S lead in same way as 1, 2, 3, 4 

pulse rnrssunrs 

The pulse pressuies in this series, m the eiect postuic innged between 
15 and 72 minimum Ilg, the aveiage for the senes being 36 46 It 
was greater in the cases m which the maximum piessuic was Inghei 

Airanged according to age of the subjects, the pulse piessure m the 
eiect posture m those between 16 and 21 years wtis 37 1 mm , while those 
between 21 and 30 yeais was 40 61 mm 

Effect of Change of Postuie on Pulse Piessuic — Change of postuie 
from the eiect to honzontal caused an increase m foity and a fall m 
seven From the honzontal to erect caused a deciease m foity-one and 
an increase m foui In the fall fiom the horizontal to eiect, the pulse 
pressure fell lower than it was at the first reading m the eiect, m thirty- 
four cases It remained higher than the first reading m eleven cases 
The pulse pressure seems to vary m the same direction as the maximum 
pressure 
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In the Strongest Half of the Senes — On change from the erect to 
the horizontal, the maximum pressuie was increased m seven and dimin- 
ished m fom Fiom the horizontal back to the erect, it was diminished 
m nine and increased m two 

In this fall the maximum pressure reaches a lower level than it was 
at the first reading m the erect m ten eases out of eleven 

The minimum pressure, m this series, from the elect to horizontal, 
fell m nine and rose m two From horizontal to erect, it rose in. ten and 
fell in one This rise was to a lnghei level than the first reading m six 
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Fig 2 — Cliait showing maximum and minimum pulse pressure in the elect 
and honzontal positions m a typical case 

cases and not so high as the fiist m five cases The pulse pressure fiom 
erect to horizontal increased m nine, and diminished m two From 
horizontal to erect, diminished m nine and increased m two This fall 
was lower than the first reading m six cases 

In the WeaTcn Half — Fiom erect to horizontal, the maximum rose 
m six and fell m four From honzontal to erect, caused a fall m eight 
and a rise m two This fall v as lower than the first reading m the erect 
m eight and higher m two 

The minimum pressure on change from erect to horizontal fell m 
nine and rose m one Fiom horizontal back to the erect again, caused a 
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use m all ten In half of this ion a higher le\el was Teaclied than th« 
leadings m the Hr^t elect po^tuie; m the othei half it uas lowei 

In Pool Mnsculai Cases — Change fiom erect to lion/ontal caused a 
fall m set en and a n«e m si\ From lion/ontal io cieet, a fall in lime 
and a rise in thiee In this fall eight out of eleicn leinamed louei than 
the first leadings in the elect postuie 'The ininniium pressure fiom the 
elect to lion/ontal mcieased in eleven and fell in one Fiom hoii7ontal 
back to the elect, mu cased m <o\ and fell in five 

In Ilcai t Cases — In this sene« of lieai t ease*, nc make no attempt 
to classify the legions Itathci do \\c include tlio^e ca^es m which the 
state of the hcai t is fiankh open to the cnticnm of piobable eaidiac 
inefficiency Two case 5 ? showed liiegulanu one aoitie svsfohc muimur, 
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Fig 3 — Chart showing maximum and minimum pulse pressure in the erect 
and horizontal positions in anothei tjpical case 

one case Bioadbent’s contraction fiom an old pencaiditis, two mitral 
systolic murmur cases, and two cases showed very piomment apex impact 
with weakness of cardiac sounds Changing fiom the elect to the hori- 
zontal caused m the maximum pressure an increase m five and a fall m 
four From the horizontal back to the erect, a fall in six and an increase 
in two This fall was to a lower level m six out of seven cases 
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The minimum pressure after change from erect to horizontal, fell m 
eight and rose m one From horizontal to erect, rose in seven and fell m 
one This rise was to a higher level in five out of eight cases 

VENOUS PRESSURES 

To determine first what is the height of the venous pressure m the 
noimal, we picked out of our series of observations twenty-six cases m 
which we could measure the venous pressuie at the level of the auricle 
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B'lg 4 — Chart showing syncope during the experiment with, rapid rise m 
pulse-pressure on. placing the patient m a horizontal position 

In the erect posture the height varied between 8 and 18 cm water 
In the horizontal between 3 5 and 11 cm The average pressure between 
the ages of 16 and 20 years was 9 59 cm in the erect Between 21 and 
26 years 11 2 cm 

Change of posture m all the cases from the erect to horizontal caused 
a decrease m twenty-four and an increase m two From horizontal to 
elect an increase in twenty-five and a decrease in one, and this mcreased 
pressure was higher than the first erect posture in twelve It was lower 
m eight and equal m five 
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JUTATiONs BmrrA* Tiir pulse pnrssuni /nd vinous prlssukk 

In table foun no auangcd the ca c c t ' according to tlie height of the 
pulse pressure a r or age foi lhe minutes We find that Hie added renous 
pressures m lhe tiist half which include 1 - those of the highei pul c e 
pics'uue, i? 127 cm walci, while that nf the lower pul c c pressures i« 123 
cm Showing that in tin 1 - senes tlie tendency r= to gicatei pulse prc==mes 
and gicatci \cnous pressures occtimng simultaneously 

in u \'j jons in iwiin "hi mit c isis" \\n \ i nous pmssurl 
Tabic 2 shows that in the cum* of aoific ni^nfllc 1011C3 , the lenous 
pressuie lose instead of falling on change fiom the eicct to howontnl 
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Fig 5 — Chart showing rapid fall in pulse pressure during the expoiimcnt, 
w'lth syncope m six minutes Rapid use on placing the patient in a lioii/ontnl 
position 

posture The otliei cases* mespectivc of the lesions, responded as does 
the noimal circulation 


SYNCOPE 

In a number of these cases syncope oceuned during the examination 
The two charts (Charts 4 and 5) show the beliavioi of the arterial and 
venous pressures 
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In one case (Chait 4) the maximum piessme fell m three minutes, 
from 120 down to 80, the minimum from 85 to 65, then the pnlse at the 
brachial became inaudible, and the subject soon lelaxed to falling We 
tilted the table to the horizontal posture and within two minutes got the 
first leading at which the maximum pressure had reached its former 
height, hut the minimum pressure did not go quite so high as foimeily 
After five minutes m the lionzontal posture the erect postuie was 
lesumed The maximum pressure responded normally by falling, but the 
minimum pressuie showed a tendency to fall instead of rising as it 
should The venous pressuie reading fiom horizontal to erect responded 
normallv 


TABLE 2 — Relations Between Heaet Cases and Venous Pressure 


No 

18 

Aoitie insufficiency 


Elect 

X 

Horizontal 

+ 

Elect 

+ 

92 

Hypertrophy — geneial condition 

pool 

X 

— 

+ 

36 

Mitral insufficiency 


X 

— 

+ 

54 

Broadbent’s conti action 


X 

— 

+ 

35 

Irregular heait 


X 

— 

+ 

90 

Hypertrophy — general condition 

pool 

X 

— 

+ 


The second case (Chait 5) showed a steady falling of pressuie with 
each minute reading, and from the restlessness of the subject we sus- 
pected what was going to happen, therefore, we carried on our obseiva- 
tions m the first elect posture for six minutes, at which time the sounds 
at the brachial became inaudible, and the subject a little later, relaxed to 
falling Aftei being placed m the lioiizontal posture, the maximum 
piessure rose higher than at the first leading m the erect, and the mini- 
mum pressure rose, but as m the other case, to not so high a level as 
foimerly In this case we did not get the venous leadings 

SUMMARY 

1 When the element of musculai effort has been eliminated, change 
of bodily postuie from the erect to the horizontal will cause an increase 
m the maximum pressuie, a decrease m the minimum pressure and an 
increase m the pulse pressure 

2 After five minutes m the horizontal postuie when the subject is 
retilted to the elect posture, the maximum pressure will dimmish, the 
minimum pressure increase and the pulse pressure dimmish It will be 
noted that m both instances the pulse piessure follows the same trend 
as the maximum pressuie 

3 Change of posture from the erect to lioiizontal caused a fall m the 
venous piessure 

4 Change of posture fiom the horizontal to elect caused an increase 
of the i enous pressure 
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Ii lull be noted that the \enous pic^uie follows the same tiend as 
the minimum picssuic 

iNenih all subjects of this genes responded in the same way The 
most notable exception was in the “Poor Muscular Cases” These cases 
showed a tendency to a io\ei=al of the piessuie cuuc Prom eiect to 
hoiirontnl caused m nioie than half of the ea c es a decrease of the maxi- 
mum prcssuic and an mciease of minimum prc=suio 


Maximum 
Minimum 
t’ul'-e pre-onp 
Venous pressure 

1302 Fifth A\cmi(> 
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Frcet 

X 

X 
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BUDDING- AND OTHEB FOBMS IN TBOPHOZOITES OF 

ENTAMOEBA TETBAGENA 

SIMULATING the "SPORE CYST” FORMS ATTRIBUTED TO "ENTAMOEBA 

HISTOLYTICA" ~ 

SAMUEL T DARLING, MD 

ANCON, CANAL ZONE 
INTRODUCTION 

Working with richly infected material from kittens infected reetally 
with E tetragena , very interesting foims were detected m a senile race 
These aie so much like Haitmann’s figures of Sehaudmn’s preparations 
illustiatmg the spore cyst development of E histolytica as to be prac- 
tically identical with them They also correspond very closely with 
SchaudmnV and Craig’s 2 descriptions of the alleged perpetuating forms 
of E histolytica 

Hartmann 3 has called attention to the wide-spread distribution of 
E tetiagena, and has expressed Ins opinion that most of Schaudmn’s 
histolytica material is really E tetiagena 

In Panama, while the perpetuating foims of E tetragena (cysts) 
have been detected m a number of cases, nothing save some budding 
forms m fresh material from one fatal case, and the remarkable forms m 
leetally infected kittens have ever been seen by me which resemble the 
descriptions of Schaudmn and Craig for the spore cyst development of 
E histolytica 

Based on findings m clinical cases of entamebic dysentery, from 
autopsy material and animal feedmgs and inoculations, I am of the 
opinion that the pathogenic entameba of Panama is E tetiagena, , and m 
all likelihood E histolytica is a spurious species 

FEATURES OE THE REPRODUCTIVE PROCESS IN E HISTOLYTICA, ACCORDING 

TO SCHAUDINN 

Schaudmn (quoted from Craig, loc c\t, Note 2) stated that the 
repioduction of E histolytica by sporulation occurs after a lengthy period 
of lively increase when the conditions of life have deteriorated In dys- 
entery this is simultaneous with the commencement of healing Durmg 
the height of the disease he never found these permanent stages 

* Manuscript submitted for publication m The Archives, March 15, 1913 

1 Schaudmn Arb a d k Gsndhtsamte, 1903, xix, 3, p 547 

2 Craig Parasitic Amoebae of Man, 1911, Lippmeott, Phila 

3 Hartmann Handb d Pathog Protoz (Prowazek), First Instalment 
Baitli Leipzig, 1911 
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Sclmmlmn fmihc, tl.nl the begnnung of the spec found, on 

, , f . 1 ”, 0l ' eC<1 l'° " Udra ’ ‘’l’!’"'” 1 "*-- »'» 1 <l>e succeeding chants 

noted b'j him me ns follows* ° 

1 Bro idomug of the ponphot il olnonmt.n /one of the nucleus nm 1 extension 
into the nuclear pl*i«in, the nucleus becoming less rMercntinted 

torn, of' ’gram?u" ll, ' ,K °’ d,r “ 1 "'"" 1 ,rt '“"*"1 to the cjlopl Mnl u,e 

1 'J he amount of chromatin m tin* nloplamn mere ts t s until the entuo 
,”5™™'^:'''’'"“' "• «.n».n,I«r of the ,,S"! 

1 oi ms noted during life 

dish L ° Cnll0n 0f lil0 nM<,,0U ‘' nf t,M P‘ * iphot V gennnlK in the blnpe 01 a flat 

“ ^ onul »nies of the nmlou- nn.ln the ere of the ob=mcr 13 seen 

d IJcroIopment of n fine fibrous si,, attire of the periuhcral ectoplasm indi 
citing the fornmtion of buds which litmlh piojed from the surface 

! ltlon of l,U(lc ' 111 'he Ompe r, f 1 null globules U to 7 microns in diameter 

o Development of a douhh outline memhiane on the globules. which becomes 
hiownml, in coloi in n few Imia 

0 Breaking up of p irent cut much 1 

A staining of the corns of stages the following results 

nn u ^ nin " chromidia In the nucleus to the cytoplasm, which appears to 
1 ip r a in i-cattei through the entire organism the nucleus degenerating and 
cithci dissohmg 01 being extmded 

“ VOthdinwal of ehiomulm from endoplasm and collecting in dense fibious 
a | CC .°^ nMn ’ l K ‘ nno 'tmg the lattei as a uniform retieulnr chromidial mass 

nf n C 0I> n . < ' Ina ^ u<i ' s hhod n chromidial mass protrude on the suifaco 

of the parasite and are budded of! ft on, the parent bodr 

, _ >cn \ ie ^ icipl tl'cse globules is formed, staining substances no 

longer ret well r 


tup rN'juriiju, m d in -j irrsi ixrinnirvrs 

Recently I lecened some maternal fiom n case of cntmnobic djsenten 
m an American J.hc stool contained mucus, pus, blood and entamebne 
ie tiopliozoites weie large m si/c, some weie yaeuolated and otheis 
& ianu ai I he nucleus of many was distinctly visible m the fiesh speci- 
men and many of the tiopho/oites had engulfed ei3'thocytcs In wot- 
i\ec piepaiations stained with Mnlloiy's phospholungstic acid hematoxy- 
m, diileientiated with peimanganate of potash, the centnole and penpli- 
ma chiomatm gianules were of fan size and stained shaiply The 
vaiyosome was usually indistinct, though definite in a few foims Ao 
cjsts were seen and none of the tiopliozoites contained clnomidia On the 
w iole, most of the trophozoites yvere of the adolescent 01 histolytica 
type, meaning by this that they lesembled the forms figmed by Ilart- 
mann and Wernei as E ImiohjUca m conti a distinction to the foims of 
the mature smallei generation with prominent kanmsomes and laige 
blocks of clnomidia usually recognized as E tetiagena 
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METHOD OF MATURING THE STRAIN 

Kittens were inoculated by rectum with material from this case and 
when the disease developed and the kittens died, another set was inocu- 
lated lectally with material fiom the preceding and so on, m order to 
mature the strain As the strain matuied, the trophozoites became 
reduced m size, their karyosomes and centnoles more conspicuous, and 
chromidia began to appear first as fine aeicular particles m the third 
remove, and later m the fourth remove as small and large blocks From 
the fouith remove a number of stained pieparations wet and dry-fixed 
were made An examination of these preparations showed that the 
tiophozoites had now become reduced m size and chiomidia had appealed 
m every trophozoite, though entirely absent m the first and second 
lemoves, and the karyosome of the nucleus had usually become very 
prominent, not only so, but unmistakable uninuclear cysts were seen m 
this material from the fourth remove 

THE ABERRANT FORMS OF E TETRAGENA SIMULATING THE “SPORE CYST” 
DEVELOPMENT OF "e HISTOLYTICA^ 

Dry-fixed films were examined, these had been stained with Basting’s 
stain, followed by G-iemsa’s, and differentiated with ammoniated 60 
pel cent alcohol In ceitam slides most of the trophozoites con- 
tained chromidia The cytoplasm was frequently condensed along the 
penpheiy, and also heie and there m quite solid islands staining like 
the chromidia a deep navy blue In other trophozoites the paler blue 
endoplasm or the dark blue condensed periphery, sometimes containing 
chromidia, had become pmclied off into buds and protuberances of irreg- 
ular size These m a number of instances had become detached from the 
paient body The buds never contained purple-staining substance save 
when a bud corresponded with a nucleus or when it was obscured by 
what appeared to be superimposed bacteria or debris Most of the dry 
fixed films did not present the budding appearances just described, but 
displayed a more homogeneous appearance free fiom the condensed 
cytoplasm at the periphery, and budding forms were not detected A 
number of trophozoites contained nuclear fragments of tissue cells or 
leukocytes In contradistinction to chromidia, which stains navy blue, 
these nuclear fiagments stained purple exactly like tissue nuclei outside 
neaiby This is a point of some importance, for these nuclear fragments 
no doubt have been mistaken foi chromidia, which does not stain purple 
with Romanowsky stains, but navy blue 

A number of wet-fixed films, however, contained the peculiar forms 
m question These weie fixed m Zenkei's solution one-eighth, one-fourth 
and one-lialf strengths, and m Schaudmn’s fluid, besides various other 
fixatnes, m order that comparisons might be made of the effects of 
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xenons fluids on the entnmeba Likewise, fli rieicni ‘•taming methods xveie 
emploxed Good icmiH" weto obtained xxitli Mallon s phosphotuugstie 
hcmatoxxlm and Lonhmnn' 1 - alkaline moflnlene blue (poh chrome ), 
difTcientmtcd with tannin All the piopaiations presented unmistakable 
and posifixe eudenee*' of then idenfit}, i e . JJ idiagcna, In the nuclear 
charnctcii’dic:?, duonndin and the pic c encc of e}=is The appaiently 
noimal tiopho/oites weie present m enoimous numbei * mam fields 
contained nothing but them The \n*-t liurjoiif} of the foims were topical 
tiopho/oite 1 - of the lnatme or pimst generation of L idiagcna The 
nucleus stained ‘•hatplx. thcic was ,1 den c eh stained large centnole and 
usually a conspicuous kanosome 'flic chiomidia pic c ent was in large 
01 small ci} station! paitnles '\ hesn tio]»ho/oites had in geneial the 
appearance of JJ immita Elmassian and of JJ idiagcna , as figured by 
Hartmann, Yiciceh, 'Weinci and Craig 

The nucleus m the alien ant foims usual!} took up an extreme 
pel lplici al position, often as though stuck on the outside of the tropho- 
zoite Eloquently the nucleus was attached to the trophozoite by a long 
oi shoit thin pedicle, and a numbei of free nuclei were seen The 
nucleus in these abenant forms larch stained sharply, the peripheral 
clnomatm being diduscd. swollen and not displapng the gianules noted 
m normal tetragena tiophozoitcs nearb} Tlie nucleoplasm was stained 
lathci deepl}, ns though due to diffused chromatin in the plasma Theie 
was maiked distortion of the nucleus in a few forms, it having taken on 


an ameboid shape The ccntriole usually stained well, but the haposome, 
wdnle occasional!} to be made out m part, was usually very indistinct 
and obscuied by the diffused chiomatin in the nucleoplasm In some of 
the budding forms the nucleus failed entirel} to stain, but its architecture 
sometimes could still be made out distmctl} The cytoplasm of some 
of the abenant forms stained deepl} around the nuclear area as though 
chiomatin was being diffused out m a fluid form from the nucleus 
Occasionally one found a tropho/oitc fiee fiom chiomidia or m the act 
of extruding it, and a good deal of fiee chromidia was seen m the films 
These tiophozoites which weie nioic or less fiee from chromidia had a 


clear tianslucent appeal ance, being fiee fiom chromidia, and these were 
the ones that exhibited budding foims The buds appeared anywheie 
on the penpheiy and m numbei s fiom one oi two to a dozen They were 
usually translucent and homogeneous, and wdnle most weie fiee f 10111 
chiomidia, some of them contained pai tides of chiomidia, or oftenei a 
pmched-up chiomidia! mass usually attached to the periphery of the 


bud The budding foims always stained like defunct microorganisms 
Comparing the pictures displayed m wet-fixed preparations with those 
dry-fixed and stamec! with Homanow^sky, it is noted that budding foims, 


extiuded buds, chiomidia and nuclei are seen m each 
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iSakecl protoplasmic buds, excepting in the case of the nucleus, are 
usually free from chromidia or chromatin, and nothing like a bud capsule 
was seen The extreme dislocation of the nucleus, as well as its presence 
attached by a pedicle, is noted m each A very striking feature of the 
dry-fixed film is the pallor or peculiar greenish blue-staining ground sub- 
stance or karyoplasm which supports the purple-staining substance < 
(karyosome) of the nucleus This pallor and absence of dark blue- 
staining substance may correspond with the diffusion of the basichroma- 
tm out from the nucleus noted m some of the wet-fixed films 

SCHAUBINN'S ERRONEOUS INTERPRETATIONS 

Scliaudmn accurately descnbed the changes noted by him in his 
Chinese case of dysentery, and his descriptions and Hartmann's draw- 
ings of Schaudmn's preparations of E histolytica correspond precisely 
with changes here described in a race of E tetragena from man, matured 
m the kitten I believe, however, that Schaudmn's interpretations were 
entirely wrong m so far as they referred to a mode of development 
Senatim the points of correspondence and difference between Schau- 
dmn's observations m man and my findings m kittens are these, the 
numbers referring to paragraphs m Schaudmn's propositions 

1. There is, as Schaudmn described, a broadening of the peripheral 
chromatin zone of the nucleus and its extension into the nuclear plasm. 
The nucleus becomes less sharply differentiated and chromatin appears 
to be distributed to the cytoplasm, but chiefly, I believe, by diffusion of 
fluid and not usually in the form of granules 

2 and 3 The chromidia seen m the cytoplasm of the trophozoites, in 
my opmion, would seem to be chromidia more nearly in the sense of 
Hertwig, that is, extranuclear chromatin, though not functionless This 
chromidia, I believe, is formed as fine particles m the cytoplasm and is 
trophochromidia m the sense of Mesnil '05 Dry-fixed preparations 
stamed with Romanowsky show that this chromidia is formed m the 
cytoplasm, and as the strain increases m age, tbe chromidia usually con- 
denses m the form of crystal-like particles and large blocks Traces 
of this chromidia were seen in Remove 3 as fine acicular navy-blue par- 
ticles (Romanowsky) ; these become condensed to form the large-sized 
particles seen m Remove 4 Staining reactions seem to indicate that 
while there is great similarity between nucleaT chromatin and tropho- 
chromidia, there are well-marked differences which may be brought out 
by certain stains 

Forms noted during life * 

1 Dislocation of the nucleus The nucleus is placed at the extreme 
periphery m the shape of flat disks at the border of the cytoplasm just 
as Schaudmn described There is also expulsion ( 2 ) of the nucleus 
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Xos 1 to 12 dr\ fixed films, stained 1>, Ibisling's and Gieama's slain, differ- 
entiated in aimnojuated alcohol Nos 1 to S ‘-lioxx budding logins 7 he periphery 
is gcneralh daik and the interior pale in tone Xos 1 and 2 contain dark nail 
blue, almost black, ci^stalloidal pirticlo« of chronudm 7 lie purple staining 
substance of the nucleus is imbedded in a pale blue ground substance Disloca- 
tion of the nucleus is seen in Xo 0 Xo is n tiophoroite which 1ms extruded 
its nucleus Xos 9 and 10 leprcsent n free bud of ectoplasm, and a nucleus 
respectrvelj Xo 11, a troplio/oile with buds and fne phngoc\led fragments of 
nuclei of tissue colls or monomiclo.u leuhoc\tes Xo 12, a, b and c, free tissue 
cell nucleus and fragments of muiic for comparison with nlngocited fragments 
in Xo 11 “ 



r 
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Nos 1,{ to 2d xxct ti\p(l lilius No i ! a tropho/oitc xxith txpicil (etragotia 
nucleus nml cluonudui '1 In*- iepr» scuts tln> xast mnjoritx of trophozoites in the 
film 1 ; llioir outlines xxire iouiu! oxoid and oblong No H i niononucleu 
tctngcnn ex 1 -! fioni one ot the blnis No la, dislocition of utit U and chromidin 

in snnll p.utieles xx i tli i huge bud No In ostni-ioii of undone and a bud 
containing a ina*-'. of diioinidia No 17 knrxori he\is 1 lie nuch in i* apparently 
gixui" up its ebionmtm to tin' ox topi ism Note tint the tetiageni featincs 
of its Karxo'-oiuc an* "'till pu^mt txxo buds arc shown No IS, dislocation of 
nucleus, «cxcial small buds of nrogulai sj/p .md one Inigo dccplx staining bud 
aic slioxxn I be tiojilm/oito still contains a f< \x pntticb- of diionudii No 1*1, 
dislocition ot nucleus, stiouus of cbionudial (not dironiatin) pirtielosof 
small si/o conccnti ited along tin* periphcrx ni< seen I bo nucleus docs not stain 
sliarplx and it lias paitod xxitb sonic of its duomatiu (not cliuunidin) xxhicb 
stains the cxtoplasm licaibx No 20, a tioplio/oite xxitli foui small buds, 
cliionudia and a degenoi ntmg nucleus shoxxing kaixolxsis No 21 a tiophozoite, 
xxitli dislocated nucleus and warn buds It lms ovtiuded all its dironudia 
-i o 2_, \n <>\ti tided nucleus not staining diuplx, the peuplieial cluonutin 
giaiuilcs being indistinct and the Kaixosome mxisible No ‘dd x tiopho/oite 
containing cluonudia and scxeial buds '1 be dislocated nucleus is attached to 
ie paient bodx bx a slendei pedicle and does not stain sbaiplx 
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3 The development of a fine fibrous structure of peripheral ecto- 
plasm I have seen something that would probably correspond with this, 
though the observation was made on trophozoites from Eemove 3, m 
which theie was no budding, and the phenomenon was only observed m 
films fixed by Merkel’s fluid Zenker’s, Flemming’s and Schaudmn’s 
preparations did not show it 

4 Buds aie separated m the form of small globules 3 to 7 ± microns 
m diameter 

5 The development of double-outline membianes on extruded 

globules was not observed Considering the pathological nature of the 
othei related changes m the trophozoites, it would be interesting to know 
just what Sehaudmn was observing, for m diy-fixed films stained by 
Eomanowsky the free buds and extiuded nuclei stain exactly like the 
nucleus and cytoplasm of the trophozoites , 

6 Breaking up of the parent entameba was observed 

Stamed Series * 

1 My obseivations on the tiophozoites of E tetiagena confirm me 
m the opinion that ehromidia is not given off by the nucleus, but is 
foimed m the cytoplasm Chromatin, however, m these pathological 
forms does diffuse out m fluid foim from the nucleus into the cytoplasm 
The nucleus does degenerate and is extruded 

2 In some tiophozoites ehromidia was present m rather small parti- 
cles and collected m leticulai masses m the ectoplasm, as Sehaudmn 
descubed 

3 Ectoplasma buds filled with a chromidial mass were seen appar- 
ently pinched off of the parent body 

4 The free globules, while detected with mole difficulty m wet-fixed 
preparations, weie seen veiy well m dry-fixed Eomanowsky preparations 
Frothing like a sheath was seen, for the buds stamed either' navy blue or 
light blue like the cytoplasm of the paient entameba When an extruded 
nucleus was encountered it always stamed like one. 

CONCLUSION 

I have seen m fresh prepaiations of E tetiagena from a fatal case 
of dysentery bizarre pseudopodia and buds with lefractile bodies m the 
extremities, though I did not observe extrusion of buds oi nuclei If one 
had merely observed m fiesh preparations alone from a case of dysentery 
m man, the changes conespondmg to those seen in stamed preparations, 
the impression received would no doubt have been very much like that 
descubed by Sehaudmn and Craig as the spore cist formation of E 
histolytica , but fiom an examination of the fai moie nehly infected 
material from the kitten “which occurs aftei a lengthy period of lively 
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mciease, * the tine nntuic of the budding foims is nndei stood and the 
opinion is fonned that these changes aie nnalogou c to such essentially 
pathological manifestations of cellular degcneiation as lean oh cis, kanoi- 
ihexis, p^knosis and dislocation and extnmon of nuclei, moieoicr, the 
budding piocess is analogous to changes seen Jn mononucleai meta 7 oal 
cells, for example, in defunct plasma cells 01 Ijmphocitcs in the blood- 
stieani, lynph-nodes and othci locations 

The descriptions of the life cicle of E ln*lolytica by Schaudmn and 
Craig, theieforc, me m all likelihood those of a spurious species liming 
lesnlicd fiom obsenatiom of pathological changes m c emlc races of E 
ieiragena 

Hoard of Health Labornloi ie; 



ACTIVE HYPEREMIA EOLLOWIXG LOCAL EXPOSURE 
' TO COLD ' 

A W HEWLETT, M D 

ANN ARBOE 

It is well known that thermic stimuli exert a powerful influence on 
the local blood-i essels In oui expel lence, the application of cold water 
has invariably slowed the current of blood through the arm and tins has 
been commonly followed by some constriction of the vessels even after the 
tempeiature of the water has been raised , 1 or after the arm has been 
withdrawn from the cold watei. In the patient, whose history follows, a 
marked vascular dilatation followed the exposure of the arm to moder- 
ately cold water This phenomenon, which was evidently associated with 
the symptoms present m this patient, is unusual if not pathological It 
is related on the one hand to milder degrees of frost-bite and chilblain, 
and on the other to a disturbed vasomotor control at the surface of the 
body 

History — Mr E C , 19 years old, entered tlie University Hospital Nov 20, 
1912, complaining of itching, burning and swelling over various parts of the body 
after these had been exposed to cold The family and past history were unim- 
portant The present trouble was first noticed with the onset of cold weather 
two years ago Shortly after the patient is exposed to cold, the exposed por- 
tions of the body become white and numb As the result of prolonged exposure, 
hut more especially after coming into a warm room following exposure, the parts 
exposed become red and swollen and the patient suffers from burning and itching 
sensations m the exposed areas At times the swelling of the hand is so con- 
siderable as to mterfeie with the movement of the fingers His eyes have been 
partially closed aftei facing a cold wind The buttocks have shown similar 
phenomena after sitting on a cold seat, and the forearm after a cold iron has 
lam across it Even the tongue and throat are said to have become swollen 
after eating ice cream These phenomena have troubled lnm only during the 
winter One year ago they were so severe that he was compelled to leave school 
Aside from these symptoms he is m good health and has gained twenty pounds in 
v, eight dui mg the past two years 

Physical Examination — Physical examination showed a young man of normal 
appeal ance A few rales, probably due to bronchitis, were heard over the lungs 
The heart show ed systolic murmurs at the apex and base, which were probably of 
an accidental character The hands were slightly ejanotie and perspired easily 
Well marked dermatographia with tendency to wheal formation could be elicited 
by mechanical stimulation of the skm The laboratory findings were practically 
negatrve The blood coagulated m two and tliree-foui ths to four minutes 


f Manuscript presented for publication Feb 7, 1913 
* From the Department of Internal Medicine, Unn ersity of Michigan 
1 Hewlett, A W , Van Zwaluwenburg, J G , and Marshall, M The Effect 
of Some Hvdi otherapeutic Procedures on the Blood-Flow m the Arm The 
ArcinvES Ixt Mm , 1911 vm, 591 
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The blood-llow tlnough the aims was studied while ihc sjmptonis 
complained of by the patient wcie leproduced In e\posuie« to cold watei 
Although but thiee evpenments of this t}pe could he peifoimed and 
these left eeitain points undecided, nevertheless, the icmlts indicated 
that in this patient an unusual \a c culai reaction followed cvpomie to 
cold wptei 

JIxpoivirnt 1 — In the fust o'penmcnl the patient, stripped to the wai«t, 
was placed m n warm room and the room was later cooled In opening the 
windows 'i lie light trm was exposed to mr onh \fter a few prthnunan 
deternnnations, the left wn« surrounded In cold water which was maintained at 
a tcnipeinture in ernging 10 *4 C for nearh an lmnr At the end of this time, 
the arm was taken out of the cold watei, the pletln sinograph was emptied and 
the dried arm thrust hack into the apparatus lor further det'M initiations of 
the ldood (low 'I lie results of this experiment sm shown in 'J tide 1 


TABLL 1 — lAi’innitM 1 Showing Knur ox IlioonKiow oi Tmhii’siox or 

Aum ix Cm n \\ vn i> 
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l omp of 

Blow m 

I low in 
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water about 

left arm, 

right irm. 
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( 

left ni m,C 

c c 

« t 
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27 1 5 


12 0 
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Patient quite waun 

10 00 



0 0 


10 05 

10 15 

27* 3 


10 4 

10 0 

Cold water placed 






about left arm 

10 30 

27 

23y. 

J 0 

0 3 


10 40 

27 

10 

5 1 

1 $ 


10 45 

27 

IS /, 

1 2 

30 


10 55 

27 

10 V 

3 2 

.1 0 


11 10 

24 

101 /. 

4 2 

.3 (! 


11 30 

22 

20 

3 0 


Patient feels cold 

11 35 





Left hand dried At 






fiut trm was shghth 
c>anotic Later bright 
red and warm Some 






limning and itching 

11 45 

23 

20 

10 0 

2 0 


12 00 

23 


7 2 

1 S 

Left hand slighth 

1 1 "Tl 


swollen Burning and 
itching passing oil 


Ii will be seen that at the beginning of the expenment the blood-flow 
was unusually lapid m both aims, owing doubtless to the effect of being 
for some time in the wai m 100m When the left arm was covered with 
cold w r atei, the blood-flow m both aims diopped lathei suddenly and the 
late oi flow continued to lessen duung the peuod of exposuie, owing m 
part to the cooling of the loom m part peihaps to the cold watei When 
the left aim was taken out of the cold water the skin became blight led, 
and aftei diymg it felt quite warm The hand became slightly swollen 
After diymg, the blood-flow m the aim exposed to the cold water showed 
decided acceleration, while the flow m the opposite arm continued to 
lessen 
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Experiment 2 — Tlie second expei iment was perfoimed in a warn loom, the 
patient being very uaim tlnoughout The right arm was thiust into ice watei, 
until pam was caused It was then taken out and thrust m again This inter- 
mittent exposure was continued for half an hour hollowing this the late was 
determined m both arms The left showed a rate of 15 cc pei 100 c c of arm 
substance per minute, and the right, a rate of 12 5 c c to cold The failure 
to reproduce the vascular phenomena m this experiment may have been due 
either to the warm loom which caused the blood-flow m the aims to be very 
lapid and so prevented cooling the tissues, or it may have been due to the 
intermittent character of the exposure 

Experiment S — In the third experiment, the room was maintained at a 
constant temperature of 21 C , which produced a feeling of slight chilliness m 
the partially clad patient The right arm was soaked continuously m watei 
at 1G C for a period of twenty minutes Dui mg this time, the aim became led- 
dened and slightly cyanotic and after withdrawal fiom the watei it felt waim 
and itched considerably Some time later it became distinctly swollen Aftei 
the exposure, the exposed arm showed a blood-flow ol 9 4 c c pel 100 c c of arm 
substance, while the other showed a blood-flow of 17 cc Somewhat latei, the 
f oi mer showed 8 5 c c and the lattei 1 8 c c 


TABLE 2 — Experiment 3, Results or Immersion or Arm in Water at 1G C 



Room Temp of 

Flow in 

Flow m 


Time 

Temp , watei about 

left aim, 

light arm, 

Remaiks 


C right ai m, G 

e e 

c e 


3 10 

21 16 



Right aim in watei, 
patient slightly chilly 

3 30 




Right arm out of watei 

3 40 

20 

17 

94 

Right arm icddened 

3 50 

20 


6 0 

4 00 

19 

18 

85 

Right hand is swollen 


To recapitulate A young patient who showed sweating hands and 
dermatogiaphia enteied the hospital on account of itching and burning 
sensations, which followed exposures to moderate cold These symptoms, 
which could he reproduced by exposure to cold water, were associated 
with a definite increase in blood-fiow of the arm so exposed relatn e to the 
blood-flow m the othei arm The condition coriesponded to the milder 
degrees of f lost-bite, which are often followed by erythema and slight 
edema, and are described as a form of chilblain The circumscribed, 
l eddish and edematous areas often met with m the latter condition weie, 
however, absent m our patient Furthermore, the condition was peculiar 
m that it was induced by relatively slight cold, and m its localizations on 
such unusual sites as the forearm, buttocks and mouth As an unusual 
vasomotor reflex, the condition might be grouped m the broad catagory 
of the vasomotor ataxias described by Solis-Cohen 

That the reaction was indeed unusual might be inferred fiom our 
eailier experiments , 1 m which, after cooling the arm, the temperature of 
the suriounding watei was again raised, and slowei lather than faster 
lates of flow were obtained for given temperatures of the sui rounding 
uater It seemed advisable, however, to duplicate the above expei iments 
on othei individuals As the following fables fliow, no secondaiy dilata- 
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lion of the blood-\es«els occuned m lhe c o mdmdunls aftei exposures to 
fairlj cold watei foi half an hour or so Instead the aims exposed 
remained umisuall\ cold and pale for some time and the blood-flow 
remained exceedingly slow. 


TABLE 3- 

— Exri ri 
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right nrm, 
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C 

left arjn,C 
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GO 

5 3 


3 10 

21 5 


1 5 

4 b 


3 12 





Water placed about left 






nrm 

3 15 

21 0 

21 

3 0 

3 S 


3 25 

21 0 

22 

3 3 

4 3 

Left arm fnirh cold 

3 45 

21 5 

17 

20 

3 7 


4 00 

21 5 

IS 

23 
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4 02 





Water out Dried Arm 






cold 

4 10 

21 5 


2 1 

3 2 


4 12 



1 5 



4 20 

21 5 


1 7 

5 4 

Left nrm -dill cold 

TABLE 4 — ExrnuMrsT 5, Eri fct or 

Coin on BioodBlow in Xornu, 




Individual 



Room 

Temp of 

Blow m 

Blow in 


Tune 

Temp , 

water about 

left arm, 

right nrm, 

Rcmaihs 


C 

left arm C 

c c 

c c 


10 40 
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2 9 

3 0 


10 45 





Water placed about left 






nrm 

10 55 


21 

1 85 

3 1 


11 05 


17 

3 0 

30 


11 20 


10 

27 

2 7 


11 35 


1G 

2 2 

2 1 


11 40 





Water out 

11 50 



1 5 

1 0 


12 00 



1 4 

2 2 


TABLE 5 — Experiment 0, Eitect or Corn on Blood Blow in Normal 




India inuAL 



Room 

Temp of 

Blow in 

Flow in 


Time 

Temp , 

water about 

loft arm. 

right arm, 

Remnrks 


C 

left arm,C 

c c 

c c 


3 30 

24 


4 0 

4 0 


3 25 





Water placed about left 






nrm 

3 42 

24 

19 5 

20 

32 


3 50 

24 

19 5 


3 1 


4 00 

24 

18 0 

1 7 

50 


4 10 

24 

17 0 

20 

5 0 


4 13 

24 


20 

45 

Water out Ann cold 






and pale 

4 20 

24 


20 

45 


4 25 

24 


20 

0 0 


Eiom Experiment 1, it 

was evident that the 

abnonnal hypeienua 


following cold did not depend primarily on a pm iousIj slow rate of 
blood-flow, for the flow was equally i educed m the other arm. and jet 
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there was no reactive hyperemia It probably depended on a local cooling 
of the '\aseiilar mechanism, being in this way directly related to the con- 
dition winch prevails m frost-bite The development of edema also 
indicated a direct action of the cold on the blood-vessels 

Nor were the symptoms during the reactive hyperemia readily explain- 
able on the simple assumption of an increased blood-flow to the aim, for 
equally fast or faster rates were encountered m Experiments 1 and 2 
without the characteristic symptoms of burning, itching and swelling It 
may be, however, that the skm circulation, as distinguished from that of 
the deeper arm structures, was maikedly increased during the reactive 
stage, a supposition suppoited by the intense redness of the skm This 
is what one would expect if, as we believe, the condition depended 
pnmarily on a reduction m the temperature of the superficial tissues 

CONCLUSIONS 

1 In most individuals a diminished blood-flow accompanies and 
follows the piolonged action of moderately cold water on the arm 

2 An active hyperemia following exposures to model ate cold is 
descubed m a patient showing other signs of cutaneous vasomotor 
instability The condition present piobably corresponded to the milder 
stages of ordinary frost-bite, oi chilblain, but m our patient it occurred 
more readily than noimal and glso m unusual locations. It lepresented 
an unusual vasomotor response to moderate cold 

3 The reaction was probably due to the direct effect of the cold on 
the cutaneous or subcutaneous vascular mechanism 
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LOU) OM Ml 'i HOMI’SOX, J!I) 
nnii roc k 

Theic a 10 Mnci.tl undtMwiblp fe,itui»- m the ouginul Wn C! einiaini 
technic of the coniplmnont fixation te-t fm jihil i» ns Moll at m flic 
Noguchi modification tome of which ?nn\ Ik* -omeo*- of eiior 

Jn iho ougmnl Wnwinumn fodmn the pic-enee of \ nimble amount 
of naluial antmliccp mnboceptoi. vlu<h i~ found m all human c era nun 
lead to on oi, unless itmo\od b\ the {odiou s method of bunging in eon- 
tact with sharp cells Anotbei objection to the onginol \Va=?ermann 1= 
that unle^ a ‘sheep u kept in the animal loom 5 of the Inbointon it n 
sometimes diflicult to tceure eoi jm-'elc*' foi the te 5 t. while the keeping of 
a sheep is moio 01 le-s expe-mne. and m c ome laboi atones veil nigh 
impossible 

In the Noguchi technic the me of a non-innctnated serum might 
theoieticalh, be a souice of enoi, although piacticallj, owing to the 
small amount of seium used, piobabh is not But the use of the small 
quantitj of seium ( 02 ce ) undoubtedh sometime? leads to enoi, fiom 
the fact that such a small qunntit} might, m \er\ light cases of luetic 
infection, not contain a sufficient liumbci of antibodies to came a binding 
of complement Fuithci, the ti=e of non-specific antigen js open to objec- 
tion While it is not now thought that the Wns«eimnim is a true antigen- 
antibody lenction, it is conceded b\ the majoiitr of voikcrs that the 
specificity of the antigen undoubtedh plnu an nnpoitant iole m some 
cases 

Anothei objection to the Noguchi technic is that m dealing with such 
small quantities of the leagenfs ns are used nccuiacj is difficult ibis is 
especially tine m the dose of the patients «cinm. foi which Noguchi 
lecommends one drop fiom n capillary pi pet This is maccmntc and 
unscientific Fui tlier the total \olumc in each tube being onlj’ one cubic 
ecntimetei the leaction is not as cleai cut as when a gi eater volume is 
used 

Recently Joblmg 1 has advocated the use of a hen heniohtic system 
I have not used tins sjstem, and can see no reason foi so doing It is 
open to practically the same objection as the sheep system, viz , the 
necessity of keeping chickens m the laboi atoiy, and that all human seia 

* From the Laboi atoiy of Clinical Diagnosis, Medical Depai tment, Uimeisitv 
of Arkansas 

'''Manuscript submitted foi publication m Tire ARcnrvrs Maicli 15, 

1 Personal communication 
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contain available amount of noimal antihen amboceptoi And further, 
as the red coipuseles of the hen aie nucleated, a gi eater precipitate will 
be formed than with the non-nucleated coipuseles 

For some time past m my seiological woik with syphilis, I have been 
using a modification of the Wasscimann which pai takes somewhat of the 
onginal technic and also of the Noguchi method 

AMBOCEPTOE 

Antihuman amboceptoi is used Large healthy rabbits (Belgian 
haies are piefened) are injected eitliei mtiapeiitoneally or intravenously 
with thoroughly washed human corpuscles Diffeient woikers have advo- 
cated diffeient methods of injecting I have obtained the highest titer 
by injecting intravenously 2, 4, 4, 5 and 6 c c four days apart and bleed- 
ing nine days aftei the last injection I do not kill the rabbit, but bleed 
from the heart with a large glass syringe (A 25 c c Bun oughs-Well come 
oi Luei with a 20-gauge needle is veiy satisfactoiy ) Twenty to 30 c c 
of blood may be di awn with pei feet, safety, and the labbit may be kept 
for future use The amboceptoi serum is preserved with a 0 5 pei cent 
phenol (best obtained by adding one pait of a 5 pei cent phenol solution 
to nine parts of seium}* 5 m small glass-stoppered bottles and stored m the 
ice-box It may be kept this way for months without losing its stiength 

Amboceptor may be kept as advocated by Noguchi 2 dned on filtei 
papei I have not found this to be of any advantage In fact, it has the 
decided disadvantage of requiring much more woik, of the serum not 
always being evenly distubuted on the paper, thus causing error, and of 
not giving quite as clear cut a reaction on account of the paper being m 
the tube H A Thompson 3 has overcome these last two objections by 
soaking the paper m salt solution m the incubator foi a few hours before 
peifoimmg a test, discarding the paper and using the solution 

COMPLEMENT 

Ten per cCnt solution of fiesh guinea-pig seium is used foi comple- 
ment 1 wish to emphasize the fact that it is absolutely unnecessary to 
sacnfice a pig eveiy time a few tests are made Fiom 5 to 10 c c of 
blood may be withdrawn fiom the heart with perfect safety The blood 
is diawn just pnor to performing the test, placed m a eentnfuge tube 
and the seium sepaiated immediately by centntugalization It has bfeen 
stated 4 that seium so secuied does not show as high complement value as 
if allowed to stand m the ice-box orei night I have not found tine io 

2 Noguchi H The Serum Diagnosis of Syphilis Phila 1011 

3 Pei eonal communication 

4 Millei Florence W Noguchi Technic Interstate Med Jour, February, 
1013 
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Ol-t 

bo the oa c c In fact, 1 hn\o omoiunc 1 - M*uued ft complement with a 
highei tiloi t>\ immediate ccntnfugnli/ntion than 1 lime In allowing 
the blood to sinnd 

amici ;r 

Alcoholic extinct of livot fiom a syphilitic fetus i<- used 

l’UIIM'f? FIPrM 

I cannot nirice with tlio-o who ndiotuto the K ccuumr of the patient « 
Fcnun In pricking the ear oi hinder and ‘ milking” the blood into a tube, 
except in the cn'-e oi % oung children and \cn fleshy adult* It i= much 
ca^ici. qinckci and 1c-- p.intful to diaw a sufficient quant ltx (3 to 5 cc ) 
fiom one of the unm of the elbow with a syringe In my pi ante practice 
when a patient conies to ilic l.iboiufoiy the blood i- immediately een- 
tnfugali/cd, the ‘•mini pipetted nil and «toied m the ice-box till u«ed 
Otherwise, the blood n allowed to clot and the c cmm collected m tlie 
usual way One-tenth of a cubic eentmietei of «ei«m is used, which is 
inaetnated for Unity minutes at 55 to 50 ecnligmdc 

court Fcr,r slspj \srov 

rne-tenths of a cubic centimeter of a 5 per cent solution of human 
coipuscles in O') pci cent sodium clilorid solution is used The coi- 
puscles ma-\ be secuied from the patient, from the woikei himself or 
fiom am ollici mdiwdiinl It i« my custom to place about 10 cc of 
sodium citiate solution (2 pei cent sodium citiatc m 0 9 pei cent 
sodium clilond solution) m a ccntnfuge tube, and when n test is to be 
peifoimed to add about 1 cc of the blood fiom the patient The 
lemamdei, 3 oi 4 cc, being used foi the test ns descnbed above The 
sodium citiate pieients clotting, and on centiifugalwation the corpuscles, 
are tin own to the bottom of the tube They aie washed twice moie m 
noi mal salt solution and a 5 pei cent solution made 

TITRATION OF IU1 VGENTS 

Before the actual peifoiming of the test the lanous reagents must be 
titrated, that is, the stienglli of the amboeeptoi, antigen and complement 
must be so detei mined The dosage of the patient’s seium (0 1 cc ). is 
chosen as being the smallest amount suie to contain sufficient antibodies 
to bind complement if any aie piesent 

The dosage of corpuscle suspension (0 5 c c ) makes a 1 pci cent 
solution when the total volume m the tube is bi ought up to 2 5 cc, 
and this has been found to give the cleaiest leaction 

In titrating the amboeeptoi and complement two sets of tubes aie 
used To each tube of one set is added 0 1 cc of inaetnated patients 
=erum, and to each tube of tlie oiliei set one unit of antigen is added, a« 
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frequently the titei is higkei without them It is not necessaiy to titiate 
the antigen and amboceptor each time, as they aie fanly stable, but 
complement should mtanably be titiated before each test 

PERFORMING OP THE TEST 

The actual pei foiming of the test is earned out as follows 
A test-tube lack made of galvanized iron with three rows of holes is 
used Thiee tubes aie used foi each seium to be tested, thiee for the 
negative conti ol seium, and tluee for the positive control serum In 
addition to these, eight tubes to control the reagents are used 

The three tubes foi the serums to be tested and the control seia aie 
placed opposite one anothei m the three lows of holes m the rack One- 
tenth of a cubic centimetei of seium is put into each tube and the rack 
placed m the water bath at 55 to 56 centigrade foi one-half hour Only 
the amount of seium lequired for the test is inactivated at one time This 
is done so that when a stiongly positive serum is found the remaining 
amount may be pieseived It has been found that non-mactivated 
seiums i etam then antibodies much longer than do inactivated sera 

TABLE 1 — Tubes foe Test 


Tube 

Seium 

Comple- 

Anti- 

1 

O 

« 

Coipus- 

NaCI q s 

Result 



ment, 

gen 

ceptoi, 

cles 

c e 




Units 


Units 

c c 



Real 

0 1 

2 

0 

2 

05 

25 

Hem 

Center 

0 1 

0 

0 

2 

05 

25 

No Hem 

Eiont 

0 1 

2 

1 unit 

2 

05 

25 

Hem or no Hem 


After inactivation the tubes are cooled, two units of complement 
placed m each tube of the front and rear rows, and one unit’of antigen 
placed m each tube of the front low With normal salt solution the 
volume m the tubes is then bi ought up to 2 5 c c , less 0 5 c c for the 
corpuscle suspension and the amount of two amboceptor units The 
lack is then placed m the watei bath at 37 5 centigrade for one-half hour 
Following this fiist incubation, two units of amboceptor and 0 5 cc of 
coipuscle suspension aie added to all the tubes Incubation is then con- 
tinued for one hour, dui mg which time the tubes should be shaken every 
fifteen oi twentv minutes to facilitate hemolysis It will be seen that m 
the leai tubes v Inch contain no antigen there should be complete hem- 
olysis, and m the centei tubes, which contain no complement, there 
should be no hemohsis And m the fiont tubes theie should or should 
not be hemohsis, depending on whethei the *eium was positne or nega- 
tne Aftei lemming from the vatei bath the lack is placed m the 
ice-box foui oi fi\e home v hen the results aie read 

The eight conti ol tubes are piepaied as follows Ho 1 contain* com- 
plement amboceptoi and coipuscles Ho 2 complement, antigen ambo- 
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ccptoi and coipti c < lo- . Xo 3. complement antigen and coipuccle=, Xo 
J, complement and coipu'-cks. Xo *> antigen, amboceploi and coi- 
pmclcs , Xo G, ant men and coipuselos. Xo 7. nmbncepioi and coi- 
pusdes and Xo S. toipmcles alone The contiol tube 4 - are piepaird m 
the same niannei a- the tube 1 ' frn the ic-fs, that is the undent 0 aie added 
m the came oidoi , complement and ant men hefoie the fir^t incubation 
and nmboccptoi and coi puttie** aftei To each i 4 * added hefoie the first 
incubation -mfiiuont nonnal c nlt solution to make the total lolinne 2 5 
ee It w ill he *-een fimn the acennipamuig table (Table 2), that m 
Tubes i and 2 tlieie should be complete lumoh-is and m the remaining 
tube- there should be complete absence of hcmoh=is 


r l AULL 2 — C 'omi’oi Jims 


1 ItllO 

Pet mn 

Conijile 
ment, Tjinls 

\ntigi n 

\!»hoc>'p 
tor I nits 

( orjnis 
rle- t t 

Nn( I q » 

( ( 

Itosnl t 

1 

0 

o 

0 

O 

0 

2 1 

Hein 

2 

0 

r> 

1 unit 

o 

0 r , 

2 3 

Hem 

3 

0 

o 

1 unit 

0 

0 3 

2 3 

No Hem 

} 

0 

o 

0 

0 

0 r » 

2 *> 

No Hem 

*> 

0 

0 

1 unit 

■) 

or. 

2 

No Hem 

G 

0 

0 

1 mnl 

0 

n 

2 '» 

No Hem 

** 

i 

n 

0 

0 

o 

03 

2 '> 

No Hem 

s 

0 

0 

0 

0 

o r > 

2 '» 

No Hem 


am ant \c»i s 

The achantagec of lin «Wcm me 

1 It does aua} with the chance foi ciroi which is found m the 
ongmnl Wasseimnnn of the «eiuor» to be te=ted containing natuial anti- 
slieep amboceptor 

2 The ease with winch the coipuscles liiai he seemed foi the te c t 

3 It uses a sufficient quantit) of ceium to nssme plenty of antibodies 
if any aie present 

4 The total \olume m the tubes is gieat enough to gne a cleai-cut 
reaction 

5 The elaborate system of conti ols makes an enoi impossible 

DISAm axtagi s 

The disadt antages of my s} stem are 

1 The tubes must be shaken dining incubation 

2 A gieatei numbei of tubes aie lequned 

Uiquhart Building 



A STUDY OF THE THERAPEUTIC VALUE OE A DIURETIC 
(THEOBROMIN SODIUM SALICYLATE OR DITJ- 
RETIN) IN ACUTE EXPERIMENTAL 
NEPHRITIS (STUDY XVI) 

HENRY A CHRISTIAN, MD, and JAMES P O’HARE, MD 

BOSTON 

This study was undertaken with the idea of ascertaining whether or 
not there was any experimental evidence m support of the claim made 
frequently by clinicians that diuretics are contra-indicated m many eases 
of acute nephritis because they act to mciease the work of the kidney 
and aie nntants which may augment the pathological process already 
existent m the kidney Clinicians holding this view regard diuretic 
drugs as liaimful m cases of acute nephritis If diuretics are haimful m 
acute nephritis animals with experimental renal lesions similar to those 
m acute nephritis m man should be unfavorably influenced by diuretic 
chugs This series of experiments was planned to determine whether 01 
not this was the case with one diuietic (theobromm sodium salicylate or 
diuretm ) 

Experiments were conducted chiefly along a comparative therapeutic 
line An acute neplmtis was produced m rabbits, and then a diuietic 
chug 1 (diuretm) was given to a part of the animals The effect was 
judged mainly by the effect of the diuretic drug on the time elapsing 
between the dose of the substance used as a renal irritant and the death 
of the animal In all of the experiments uranium nitrate was utilized as 
a renal lintant, since it pioduces an experimental nephritis m many 
lespects similar to that occurring m human beings Rabbits were the 
animals selected because a considerable number of experiments pi eviouslv 
made foi othei pui poses with these animals had given us a knowledge of 
the effects that might be expected from the use of such renal nntants 

*Theie liaie been published previously a series of studies on experimental 
cardioienal disease by Drs H A Christian, R M Smith and I C Walker 
Studies I and II, Boston Wed and Surg Jour 1908, clnii, G96, and 190S, clix, 8, 
Study III Join Am Med Assn, 1909, lm, 1792, and Studies IV, V, VI, VTI, 
VIII IX, X, XI XII XITI, XIV and XV, The Archives Int Med, 1911, nn, 
1GS 531 

* Fiom the Laboratoiv of the Department of Theory and Practice of Physic 
Hamrd Um\eisit% 

9 This work uas done under a grant from the Proctor Fund for the Study of 
Chionic Diseases 

1 ' Manuscnpt submitted for publication in Tite Archhes March 31, 1913 

1 The diug used vas pui chased under the trade name of diuretm from two 
letail drug stores No difference m effect was obsened between the tuo 
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nil ; utcunw or jwutwi, i irmcm 


In Sene'- 1 to G uiaimnn mtiaie wn« admiimtercd tube m. m eon =h, nnd 
(Imiciin w 0 = lift'd in walon ♦~o1 u t ion ndimiii'-ioicd v it n a stomach tube 
In Senec 7 to 31 iiinmum nitrate win gimn imrnicnoinlv and intiaxon- 
one adimnistiation of dimetni v.ns employed In at] oigbti-two rabbits 
dnided into scieinl ‘•ones won* mod Ka<h -mu- w ' 5 diuded into 
‘'tib'iecl annual'' and conlmK In ‘•omo c u ,r - the -nbject animal 15 and 
conti ol« iioio an an god m pnmllel gimips of anpio miaioli ocjiial bodi 
weights and weio gnon equal do‘o= of the drug In mo=t oi the ?eno& 
tlic dings mod weic guen m do- f “- inning in tire nccoiding to flic bodi 


Height of the animal 

In the fil'd ' 0110 =, uielio n dibit* inning fiom 1.3U 1 to 2,100 giams 
diudcd into pan 1 ' of nppioMimU'dv equal v tight- wc*ic u c ed All iicre 
guen =ubc\itaneou=li at Iwcnti-foui-houi interiah tin oo do c e^ of 3 mg 
of in annun nitiato Aftei the fix -1 tiunti-four houi= one o> each pair 
of the animal* na= gutn 0 I gm of dmretm b» c tomnch tube and dm 
i\as icpented dnili in mon erne* until ilie animal died The animals 
which receiied ui annun mtiate alone woie regarded ;>= controls foi the 
subject animals that recoiled uiaimnn nitiatt and dnnctin In tins 
series the nepluitis pioduced h:i? a ‘-tneio one and x ho do^e of dmretm 
was laige As a ltMill nnini of tlie animal* died cjuicbli, as shoiin bi 
Table 1 The cone=pondmg animal v . 1 = billed at the time of death of 
Urn otbei animal in older to compaie the anatomical changes m the tiio 
groups of animal* In tlm ‘-one* no icii '•Inking diilcrencc exists as 
icgards length of life between the animals with and without diuretm 
Fine out of the twehe animals died foni dais oi less aftei the tint dose 


of uianium mtiate, and m two dais oi le cc aftei the la=t dose It is true 
that the three animals killed to talli with tlien paitners had iccenec 
diuretm and this might suggest a fax oi able action foi dnnctin, but m tie 
light of subsequent experiments tlm =eeins intliei a mntrei of acciden 
the dosage of uranium mtiate being too gient to allow of any shnip 


demaikation between heated and untieated animals 

In the second senes (Table 2) nine inbbits wcie gnen a daill die o 
150 gm of canots pel kilo of body weight Uiaimnn mtiate was given 
subcutaneously to all of the labbits m a dosage of 3*n mgm pei 100 
body weight foi two doses, twenii-fom horns apait To half 0 ie 
inbbits was given daily 0 235 gm of dnnctin per kilo of bodi weigi } 
means of a stomach-tube In this senes the animals lecemng no e nvre i 
outlived those receiving a diuiehe (dnnetin), as shown b} Tab e •> 

In the third series (Table 3) six labbits weie fed as m tie 
series and each received subcutaneously 3 1 /} mgm of uianium ni r^ 
For these animals the daily dose of dnuetm was i educed to ^ -i^if 0C!e 
per kilo, respectively All animals not receiung a diuretic ou nec 
receiving a diuretic The aveiage length of hie of the rab i s lecei » 
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uranium nitiate alone was 8 5 days, and of those receiving uranium and 
diuretm 5 3 days 

In the fourth series (Table 4) the rabbits were treated m the same 
way as m the third senes Of these, one rabbit receiving diuretm may be 
said to have survived, as it died on the twenty-second day from a com- 
plicating empyema Omitting this animal, the other two with diuretm 
lived an average of eight and a half days, and two controls an average of 
nine days Omitting this one surviving rabbit, this series shows a short- 
ened duration of life for rabbits receiving the diuietic drug 

In the fifth series (Table 5) the rabbits were treated m the same way 
as m the fouith senes Thiee rabbits survived, two with diuretm treat- 
ment, and one with no treatment Of the non-suivivors, one with diu- 
retm lived six days, and two conti ols lived an average of six and a 
half days 

In the sixth series, three doses of uranium nitrate (3% mgm per kilo 
of body weight) weie given subcutaneously on successive days Twenty- 
foul houis after the last dose diuretm was given m doses half the size of 
those used m the preceding senes, namely, 14 3 mgm per kilo, and this 
was repeated daily In this series all but one of the rabbits receiving 
diuretm survived, while the controls lived an average of ten days 

In the seventh series (Table 7) two doses of 3% mgm of uiamum 
nitrate pei kilo of body weight weie given intravenously at twenty-foui - 
hour mteivals, and to half of these rabbits was given intravenously on 
the day of the last dose of uranium 7 mgm of diuretm m 2 c c of watei 
per kilo of body weight, and on the next day 14 mgm of diuretm mice 
of water pei kilo of body weight All of the labbits died on the same 
day, two days after the last dose of uranium nitrate These results indi- 
cated too large a dosage of uranium and so this was reduced m sub- 
sequent expenments to two doses intravenously instead of three In this 
and subsequent series the rabbits were fed carrots and hay freely and had 
constant access to water 

In the eighth series (Table 8 ) two doses of 3 % mgm of uranium 
mb ate per kilo of body weight were given intravenously at twenty-four- 
hour intervals, and on the following morning 14 mgm of diuretm m 4 
c c of water per kilo of body weight were given intravenously, and this 
dosage was repeated morning and afternoon Senes 9 (Table 9), 1C f 
(Table 10) and 11 (Table 11) were treated m the same way In these 
foiu series four animals suivived, four with diuretm and none without 
diuietm Of those dying dunng the experiments sixteen received diu- 
letm, and their average duration of life was 4 56 davs , seventeen did not 
leceive diuretm, and their average duration of life was 6 23 dajs 

In all of the rabbits uhieli died, microscopic study showed m the 
kidney typical acute nephritis of the uranium nitrate type, with extensive 
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r»2u 

ncoio'us of the tulnil.ii epithelium Contiol e\penmeni- were made to 
c how that climetm m \armu*. do*es In «doniarh-lube and intmenoucl), 
such as weie mod 111 thcM? experiment-, win not inxie fm 1101 mal rabbits 
and that wntci in liilinienou- do'-os of 1 <• c. pci kilo of bod) -weight (nice 
dail) did not piodiuc an) a ppi enable dntm banco in i he iablnK when 
each was gnen ouu pel iod- longei than iho-o med in ihe oxponnicnt'- 
desenbed abo\e 

^n't't M’i 

Dimetm w a 1 - gnen to iabbit« m whuh an smite ncpluitis had been 
piodnced with uiannini nitiaie In fom-one labbit- tlio manmm miiate 
was "lien subcut aneomh and the dtuieim In ‘•tommh-tubc , in foil) -one 
labbits oath ding was gnen mliaieiiomh 'the amount of diuretm 
\ ailed fiom hmre doses to J 1 mgm pei kilo of bod) -weight The lattei i 5 
eqimalent to 1 trm don* foi an met a go -l/cd man V fev. rabbits in the 
fn^l cones wcic killed a>- eonuolt> of lahhit- dung, m nil otliei senes the 
labbits weie allowed to Ine as long a c po— lble Of the cntiio series 
twehe sunned, nine of which had had dimetm thice had not In tins 
munbei of qinnon ma\ he lahhit- which, on account of high lesistnnoe 
did not hate a snae acute nephntis Smh le-ntant animals lunc been 
cneounteied in otliei s C (v, of expemmnts Of tho=e dung under pen- 
men!, the ateinge dm alum of life foi tlio-e lecenmg manmm nitiate 
subcutaneous]) and dimetm In stomach tube win cn dn\ c oi the conti oD 
(uranium nitiate «ubcutnneoush ) Gd] dins, the aieiage dmation of 
life foi those lecenmg tuannim nitiate and diuietiu mtiaionoush was 
4 oG days, of the conti ols (mnnium nitrate infiaienoush ) G 23 da)s 

CONCLUSION'S 

Diuretm gnon to labbits with a «e\cie, fatal cxpcnmental nephntis, 
shot tens the duration of life of these annuals On the otliei band, nine 
out of twehe labbits which sunned the expenmont had iccened diu- 
ictm This woik suppoits the mow that m a seieie acute nephntis a 
diuretic diug, such as dimetm is conti a-mdicated inasmuch as m the 
experiments dimetm shortened the Incs of the animals On the otliei 
hand, of the suivnois a laige piopoition (thiee-fouiths) had iccened 
diuretm This lathei gives suppoit to the mow' that m less seieie cases 
diuretm may be beneficial and so justifies the cautious use of the diug 
m moderately severe cases of acute nephritis In the suivnois it is not 
certain that acute severe renal lesions weie produced, consequently deduc- 
tions from these relatively few suivnois aie of less value than fiom the 
larger number dying dui mg the experiments Of com sc, it is realized 
m making deductions such as the ahore that the) may not be applicable 
directly to conditions m the human being, for due allowance must be 
made for the many difleienees between man and the lowei animals The 
experiments, howevei, certainly suppoit ihe view r that dimetm as a 
diuretic drug may be harmful m a ease of acute nephntis 
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Tables Showing ErrncT or Diuretin on Rabbits w t ith Experimental 

Nephritis 

table i 




Da^ s of Life Aftei 


No of 

Weight 

Dose of Uiamum 

Tieatinent 

Rabbit 

Gm 

Nitiate 


354 


4 (died) 

None 

353 


4 ( died ) 

Diuietm 0 4 gm , 3 doses 

344 

1,440 

3 (died) 

None 

343 

1,420 

3 ( killed ) 

Diuietm 0 4 gm , 2 doses 

351 

1,040 

4 (died) 

None 

352 

1.090 

4 (killed) 

Diuietm 0 4 gm , 3 doses 

350 

1,730 

4 (died) 

None 

349 

1,780 

4 (killed) 

Diuietm 0 4 gm , 3 doses 

345 

1,S00 

4 (died) 

None 

346 

1,810 

4 (died) 

Diuietm 0 4 gm , 3 doses 

347 

1,930 

4 ( died ) 

None 

348 

2,100 

4 (died) 

Diuietm 0 4 gm , 3 doses 



TABLE 

II 

382 

1,400 

28+ C) 

None 

385 

1,420 

5 (died) 

Diuietm 0 235 gm pei kilo, 3 doses 

380 

1,820 

7 (died) 

None 

383 

1,800 

0 (died) 

Diuietm 0 235 gm pei kilo, 4 doses 

3S1 

2,000 

27+ r ) 

None 

384 

2,020 

4 (died) 

Diuietm 0 235 gm pei kilo, 3 doses 


' Used foi another expenment 


TABLr III 


3S8 

1,510 

8 (died) 

None 



391 

1,510 

5 (died) 

Dim etm 

28 6 mgm 

pei kilo, 4 doses 

393 

1,750 

8 (died) 

None 



390 

1,770 

5 (died) 

Diuietm 

2S 6 mgm 

pei kilo, 3 doses 

392 

2,190 

9 ( died ) 

None 



389 

2,090 

G ( died ) 

Diui etm 

28 6 mgm 

per kilo, 4 doses 




TABLE IV 



429 

2,120 

9 (died) 

Diui etm 

28 G mgm 

per kilo, 7 doses 

427 

1,950 

9 (died) 

None 



425 

2,410 

22 ( died ) 

Diui etm 

28 G mgm 

pei kilo, 20 doses 

424 

2,200 

9 ( died ) 

None 



387 

2,590 

8 ( died ) 

Diui etm 

28 G mgm 

per kilo, G doses 




TABLE V 



443 

1,350 

SuiMved 

None 



455 

1 350 

7 (died) 

Diuietm 

28 6 mgm 

per kilo, 3 doses 

452 

1,470 

10 (died) 

None 



45G 

1 5S0 

Suivned 

Dim etm 

2S 6 mgm 

per kilo, GO doses 

454 

2,030 

5 (died) 

None 



457 

1,980 

Sut i n ed 

Diuretin 

28 G mgm 

per kilo, GO do=es 




TABLE M 



479 

1,530 

13 (died) 

None 



478 

1 GOO 

Sun n ed 

Diuretin 

14 3 mgm 

per kilo, 19 doses 

480 

1,620 

8 (died) 

None 



477 

1,770 

11 (died) 

Diuretin 

14 3 mgm 

per kilo, 9 do^es 

475 

1,740 

9 ( died ) 

None 



4S2 

1 S20 

Sun ned 

Diuretin 

14 3 mgm 

per kilo, 19 dose= 




TABLE MI 



304 


4 (died) 

None 



503 


4 (died) 

None 



500 


4 (died) 

Diuretin 

7 mgm per kilo, 1 dose 




Diuretin 

14 mgm per kilo, 1 do=e 

307 


4 (died) 

Diuretin 

7 mgm per kilo, 1 dose 




Diuretin 

14 mgm per kilo, 1 do«e 
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'J Min s Showing liner oi Diutius on It Minus with Lnh pimi ni ai, 

Ni niitiTis 


T Mill Mil 




I)n\ s of Life After 







No of 

Weight 

j)(w of brnimim 



'J re .itinent 


Babbit 

Gin 

Nitinte 








5 17 

2.310 

1 ( do <1 ) 


Diimtin 

1 t 

ingin 

per 

Kilo, 

J do^cs 

-> ts 

1.050 

8 (dud) 


Noth 





.rio 

1 11.0 

.1 (died) 


Dnir. tin 

1 t 

nigm 

per 

Kilo, 

3 dc-es 

510 

1 7b0 

5 (died) 


None 





.511 

1 000 

'5 (dud) 


Diuretin 

1 1 

ingin 

per 

Kilo. 

3 dot-, s 

512 

1 750 

8 (dud) 


Non. 






.511 

1 (.00 

Sun i\< d 


Dnir. tin 

1 t 

ingtn 

per 

Kilo 

8 doses 




T Mil I 

IN 






51.0 

1,050 

1 (died) 


None 






.557 

1.120 

3 (died) 


Hum tin 

It 

ingin 

per 

Kilo, 

t doses 

.551 

1,150 

1 (dud) 


None 






.5 5 1 

1 200 

1 (dud) 


None 





3 .lose« 

558 

1 200 

.1 (dud) 


Diuretin 

M 

ingin 

per 

Kilo 

55'} 

1 ooo 

8 (dud) 


None 





1(> doses 

5.50 

1 050 

Sur\ i\( d 


Dmri tin 

1 J 

ingin 

per 

Kilo, 

552 

1 810 

10 (died) 


None 





5 do-o- 

301 

1 400 

'5 (dud) 


Diuretin 

It 

ingin 

j.er 

Kilo, 

.5.50 

1,500 

(> (dud) 


Non. 





lb do-e- 

55b 

1 110 

Sur\ nod 


Ditir* tin 

1 t 

ingin 

per 

Kilo, 

Kilo 

555 

1 250 

1 (dud) 


Dniretm 

1 J 

lupin 

per 

} do>.e« 




TAltl ! 

X 






3b 1 

1 St.O 

5 (dud) 


Diuretin 

It 

ingin 

pci 

Kilo, 

f» do-es 

.505 

1 010 

(. (died) 


Non. 




Kilo 

2 dose-. 

5(ib 

1 (.70 

l (died) 


Dnnetin 

It 

ingin 

pel 

.507 

1,820 

(. (died) 


None 





4 do-es 

.508 

1,150 

1 (died) 


Diuretin 

1 1 

nigni 

j.er 

Kilo, 

300 

1 S20 

5 (died) 


None 




S do*es 

570 

1,010 

Sui \ nod 


Diurr tin 

1 1 

ingin 

p.i 

Kilo, 

571 

1,210 

1 (died) 


None 




G doses 

572 

1 ,150 

5 (died) 


Diuretin 

11 

mgm 

pci 

Kilo, 




TABLT 

XI 






570 

1 330 

0 (died) 


None 





10 doses 

579 

1,500 

8 (died) 


Dnnetin 

14 

ingin 

pei 

Kilo 

5S5 

1 450 

0 (died) 


None 




0 doses 

580 

1 G10 

7 (died) 


Dometm 

1 J 

ingin 

pel 

Kilo, 

578 

1,730 

S (died) 


None 




0 doses 

5S4 

1,810 

7 (died) 


Diuretin 

11 

ingin 

pei 

Kilo 

577 

1,830 

5 (died) 


Diuretin 

1 1 

ingin 

pei 

Kilo, 

5 doses 

380 

1 050 

8 ( died ) 


None 




0 doses 

583 

2,000 

7 (died) 


Dnnetin 

1 1 

ingin 

jiei 

Kilo 


Pctei Bent Biigliani Hospital — Caniej Hospital 



A CASE OF INFANTILISM ASSOCIATED WITH PITUITARY 

NEOPLASM ‘ 


E J MULLALLY, JID 

MO> TREAL 

Illness depending on pituitaiy disturbances is becoming moie fre- 
quently lecognized Tlie case of infantilism lieie lepoited is piesented 
as an example of an intei estmg condition woitliy of addition to the 
leeoids of pituitaiy disorders 

CASE REPORT 

Ihstoiy — II H , male, aged 26 yeais, occupation enand boy, weight 70 pounds, 
height 3 feet S inches, enteied the Royal Vietoiia Hospital on account of head- 
aches, vomiting and veitigo He was a full teim healthy child of 9 pounds at 
birth, and grew quite normally and natuially until the age of 10 yeais, he lias 
not giown any since As long as he can lemembei he has had attacks of 
veitigo, and at times double vision About eveiy month he Mas troubled with 
an attack of sev ere fiontal headache, which sometimes daited tlnougli to the 
occiput, it was as a lule much MOise dui mg the day than at night Vomiting 
was anotliei distiessmg symptom wlucli latei began to trouble him It usually 
accompanied ihe headache, was explosive in quality, oceuned sometimes after 
meals, but often independent of them These attacks of headache, veitigo and 
■vomiting -would last two or tlnee days, and between them he was compai atn ely 
well, and able, when he gi ew a little older, to do nork as an enand boy Within 
the past yeai oi so these attacks have become moie frequent, and at times moie 
piolonged Stiffness of the muscles of his legs have been also obseived by him 
duiing this time, and objects appeared to move up and down, and veiy often 
appealed double to him His voice and mental development never got beyond 
that of a boy of 10 veais, and his appearance shortly befoie his death was 
of a fleshy bov of that age, it could haidly be credited that lie was 26 yeais old 

Eramnaiton — The geneial contoui of his body was suggestively feminine, 
his bead was laige and las foiehead slightly prominent ne was mentally bright 
foi a bov, lie was sexually as a boy of ID, he bad no dome to associate with 
voting nen of his actual age, his amusements weie bovish — tops maibles and 
such tois IIis skin was pale on the face it had a distinct yellowish tinge, not 
bv am means jaundiced, the subcutaneous fat was well maiked There were 
no lymph node enlai gements IIis thyroid was not palpable There was slight 
fiilncs, of the mammal v glands no distinct enlargement, but on palpation m 
that situition the tissues weie distmctlv fiimer to the touch than the surround- 
ing siiuctmos lliere was no hair on Ins bodv Ihe hair of his head was diy, 
stiaight and coaise IIis genital oigans were those of a boy His chest was 
slightlv Inn <d shaped well formed sy mmeti ical IIis pul«e averaged CS to the 
minute of icgulai lhvthm but low tension His blood-pressure was 90 to 
100 mm of meieuiv 

I hole weie no pathological leflexes present no strabismus, nor mstogmus, 
bin double optic neuuti« developed shortlv before his death lie was under 
obseivation off and on for three months but Ins headache vertigo etc ceised 
ifte lus hi si few davs m the hospital nis last entrance to the hospital na- 
tive dns before his death his headaches were seveie (uncontrollable bv the usual 
icmedies) uui vomiting was frequent muscular twifchmgs of the leg- and arms 


‘Manuscript submitted for publication m Tur Arcmvis March 3 1913 
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weie jnesenl ami Ik wii« voiv dull moiitnllv Hi*' uiiik* foi (In hist turn was 
found to contain almoimtl i oimtitucnts sptriiu giavitv wa*. 1012 no albumin 
o" suga’, but net'tniif in abundamc and a time »f diautu and Hi*, temptrn 
tu'e bad i inged fiom 07 m tin morning to 00 ni tin owning thioiiglmut In*, 
stav in t lie* wind. m-e to 101 twiiitv lumr*. befon In*, death 

\mo/j*,i/ — r\ainnmtion of tin bod\ wa» limdi font lioui*. tfter hi*. d< ith 
An undeisi/od limb nppnicnt agi 12 wit*- Diffu-i light-v allow pigment in 
ski;, of f a f e St nut \ cubimi. Ik lb wne iviclbiit and will loiintd J'ws 
wen gun pupils wne 4*<|U il and shghtlv diltted ivoln**lns long and ennui 
( last was pi oniinent, and the sbm was absoluteh wbit< Hi « mts tontniunl some 
fit lbeie was no bail on tin bmlv at all \bdoimn wa- pronmn nt and fit 
Gemt il 01 1 * uis were small I In te-tub- bad ih -ci mb d 

lb* scalp was 1 Itm and shipped nndilv from tin skull whuh was t Inn 
md truispai t nt 1 be duin was not adbeunt '1 be blood whoiI* of the dun 
weio congest 1 d Nine was an iwi" of (luid bitwint tin ilitta and tin brain 
lbeie was no tlnonibo'is of the statists 1 be •.tdln turnt 1 was widtiud and tlui 
]>i 1 11 it 1 1 \ w is gioitlv inhiiged it was tills* |\ distnnbd paituulntlv the poi 
lion maiei the In nil 1 In infundibulum and st ilk wm Iikiwise distnnbd 1 ho 
po'iion of the ]utuitai\ wbnli lilted into the s ( IJtt tuna a was 2 1 1111 fiom 

bi foil bukwnds and viitnnllv it tin murid 2 5 nn It was mcnlent ilh liaised 

dm in*; lemoMil and about 10 1 < ot blight v allow Hind wbnli was louud to 

LJUtain numinous (hohstnm uv-tiN i-iipid lie will ot tla U't was thin 

i'd ulheient to its min r sinf t(1 hi tin ngum of the posterun lobe win three 
or font small soft lotnnbd gelatinous looking missis At the bottom of the 

evst m the lot llit \ of the antnnu lobe was a m e. of soft, light \elh»w un 

liinble niaten il tin* miiaim ot 1 degnm int* d anteiiot loin 'I be wall ot the 

c\st m this hualitv was thukn and lontatmd i ilntud niiteual 1 In stalk (it 

the pitiut.uv w vs wnbh distendid and w is hollowed out lontmtiotts with the 
infundibulum, so that then win a fu e v oiumtiim 1 1 mu In tween tin itstn pituit in 
and the third Viiitiuh On siition of the Innitt it was found that the mtenoi 
poition of the left unbial bemisplmi was hollowed out til tin white niattei 
nne continu'd a hubnt \ allow mb i bob'sti tin 1 ontnining thud 1 be mucins of 
the ca\ ltv weie ill delined 1’iojot tin*; into it fiom behind was a jollv like mass 
of 1 eddish toloi lontinuous with the ebouoid pb\us foiming a soft wateiv 
mass as luge as the pituitan itself lbe jiostetmi boin of the left Intel al 
\entiicle was not dilated and its walls weie mumal Hie postenoi bom of the 
light lvteial ventuclo was dilated though its walls weie noiuial 111 appetrame 
lbe light ebouoid plexus was small appaienth 1101 mill in the neigbboibood 
of the velum lnteipositum the white nnttei sliowid liumeious piiuetatv' liotnor- 
lliages the same condition was seen in the velum itself and in the posterior 
poition of the coipus callosum 

Sections of loundcd masses found in the ev.stic pituitan show new giowth 
consisting of slemlei biancbing lints of cells sejiainted bv a Ingblv mvxoid 
stioma, veiy neb in well foimed cnpill.iiies 'lbe cells at the edge of the cobinms 
aie column'll, those in the centei polv morpbous tbev aie moie 01 less vacuolated 
Some of the stioma cells aie spindle shaped, some aie diawn out into multiple 
processes A few lvmphocvtes and allied cells aie scatteied lieic and theie aiound 
the capillanes r Jhc tumoi at the antenoi pait of tlie chonoul plexus shows the 
same chaiaeteis, save that the piocesses of cells fiequentlv nichide spaces filled 
with colloid m iteiial, in a few places lesemblmg tbvioid colloid In a few 
instances there seems no doubt that this change is the icsult of liquefaction of 
the myxomatous tissue already mentioned 

Diagnosis of tumoi cystic endothelioma 

Section of the cist wall shows a fibrocystic change, with heie and there 
small areas of necrosis, while others show evidences of having been infiltrated with 
blood 

Sections taken from the floor of cvstic pituitary in the region of the antenor 
lobe showed a large number of degenerated cells m which no nuclei are visible, 
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ami -nliose cxioplasm usually stains veiy faintly Mith haidlj an indication of 
the cell outline A few cells are piesent which haxe a small daik-staimng nucleus 
A gieat deal of light jcIIom pigment is seen thioughout the section No blood- 
vessels aie seen and no tiabeculai fiamewoik The antenoi lobe Mas theiefoie 
much degeneiated 

The chest is well foimed, the An g ulus Imlovici of the steinum is pioimnent 
The costal caitilages aie not calcified Ihe bone man ow of the steinum is pale 
and scanty The subcutaneous fat Mas 2 2 cm m thickness and light xelloM r m 
eoloi , the gieat omentum Mas full of fat The diaplnagm leached the level of 
the uppei foui ill nb on the light side, and the louei fouith lib on the left 

The thyioid Mas not enlaiged, it is homogeneous Ihe light lobe measuied 
2 5 by 2 3 cm Ihe left 2 3 by 2 cm and the u eight of the oigan Mas 5 5 giams 
Sections show acini of vaiymg si/e, lounded m shape and lined bj a single 
kivei of cells M’ltli deep staining nuclei, and distended Mitli colloid matenal 
Jhe lining cells m some of the acini ha\e a flattened appeaiance Ihcie is no 
libiosis, but excessive colloid 



IMiciophotogiaph of tumoi in the chonoul plexus, showing the lines of 
epithelioid cell-? inclosing spaces some filled Mith colloid mattei, otheis with 
imxoid tissue (Lom povci magnification ) 

A laige tin mus paiticulaih the left lobe Mas piesent, it Mas equal in si/e 
to Mint Mould be found in a child Sections showed ibimdance of hmphoid 
ti'sue and Ilassall’s bodies mcic numeioiis Ihe piopei cells Meie mcII defined 
and fat spices mcic modern teh abundant 

Ihe lnei MCighed 050 grams md measuied 10 In 12 In 5 cm it was 
qaadi ilatei il m shipe lathei fiabln the «uiface was smootli mottled with 
inemic neas ditTeieiitiation Mas jioor Tlie connectne tissue w is not inrrei«id 
the cut surf ice was film the blood iesse]s weie emptx Microscopic exanuni- 
tion shoMed no notewoitln abnonnalitx 

The panel eis me mired 15 In 3 In 1 5 cm It Mas soft and pmk in color 
iml liituial on microscopic exanuintion 

Ihe spleen v curbed 00 giams and meieured 3 In 0 In 2 3 cm Tin organ was 
firm the surf ice mis smooth and Mas purple red in color Milpighian bodies 
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w ero lmidh mmMp 'Jim tinbiTul.ie wen not (oii'piumim nml tin pulp w,i« firm 
hi'toIogicalB 

Light kulno\ weighed 7*'» grams it ira.iniml h\ 7 In 1 0 pin Imenile in 
bi/o 'i lie width of <oiti>\ was 7 cm imdulln 1 <m 'J he (.ipsulo stripped 
cnsih the Mil face wns smooth and lolailatid the ditTerentiation of cortex wn« 
good the glomeruli were imlilo J he jh 1m*. and tin ureter wen normal Left 
kidnc\ weighted 70 gmnm and had «'ime cliai.nters iw right '1'liere w is sonic 
cloiuh swelling of the tnlmlai ipithehuin 

*J Ik* adienals a\engid T* In 12 In 0 i <m 'J la weight of both was h grams 
lhc\ weie atiojihic in appeunme, the toitex was pale in color ditTirenti ition 
was good, the pigment was pale and sharph inn iked 'J he medulla was gra\, 
and no nereis u\ pom nous (oittcil tis-.ui* was pit suit Sections tliselo-id some 
\ icuol.it ion of the cells of the reticulate portion 

'1 he testes were \oi\ small and waw looking ‘sections showtd a prepoader 
ance of interstitial tissui* some of which was fibrous and some Inaluu the 
tubules were small m -i/e had little or no hum n and were lined h\ a single 
lacei of micleitt d cells with a rilatneh small amount of intopl'ism Main of 
the tubules here were i c plated In filnohx time tissue \ cr\ ft w interstitial cell' 
are stem (cells of Lew dig) 

'i lie other organs showed no nbnoimnhtc 

St MM \U\ 01 1 IMUNOs 

This ca«e slum otl some leimuhnble feat me- Bnelh. ilie clinical 
manifestations weie Mm hod nndet development of i !u* skeleton and 
oigans “Infantile’* development of the mental s\s(oin Brain tumor 
sjmptoms (headache vomiting and oniu nemitis) bemintno contour 
of bod) Evenly distiibutod adipositv Absence of liodv ban Infantile 
genital oigans Low puBe-iate Low blood-picssmc Subnet nut 1 tom- 
pciatiue Slight mv.xcdemn Tcimnial changes in mine 

At neciops) Cystic dcgeneiation of the pit intan, with complete 
disappeaiancc of the poctcnoi lobe and onh a few* degenciated cells 
repiesentmg the anlenoi lobe, fiee communication tlnongh the pitmtan 
stalk with the thud venti lcle Neoplnsm of the ehonoid plexus extending 
into the pituitai v Internal hvdioecphalus Excessive colloid matenal 
m thyi oid 

Vaeuolation of the fasciculate la)ei of the adienals 

Undei development of the testes 

Small sized organs of the body genemll) 

Discoloration of the fatty tissue 

coMxrrxT 

Infantilism has been wntten about chiefly by the Eiench school of 
medical obseiveis, they have a voluminous liteiatuie on the subject, and 
recognize distinct types Conjectuies have m many instances been made 
as to its causation, hut few cases aie leeoided m which an autopsy exam- 
ination disclosed the natuie of the disturbance Byion Biamwell, m lus 
clinical studies, repoits an mteiestmg living case of infantilism, winch 
agiees m most particulars (especially the age) with ouis, it was supposed 
that the pituitary -was at fault 
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We have, howevei, a number of symptoms in oui ease which have been 
usually associated with the type of pituitaiy distuibance known as hypo- 
pituitarism These symptoms aie adiposity, absence of body hail, 
tendency to female bodily chaiactenstics Absence of sexual sense, sub- 
noimal temperatuie , low pulse-rate and low blood -pressure, although this 
laltei symptom is supposed to be due to some distuibance of the adrenal, 
it may be that the adienal is disturbed because the pituitaiy is dis- 
tuibed Also the slight myxedema changes may have resulted from a 
thyioid change, seeondaiy to a primary pituitary disorder 

The outstanding fcatuie clinically m this case was the infantile 
ehaiaetenstics m a male, aged 26 yeais, and pathologically the marked 
pituitaiy changes 1 have been unable to find m the literature another 
case m which a C3 r stic pituitaiy communicated with the third ventricle 
th lough a hollowed out infundibulum and stalk Such a condition is 
normal m a few of the lower vertebiates, but m man as well as the othei 
membeis of the higher vertebiates it is not The occurrence of a rela- 
tively benign neoplasm m the ehorioid plexus and of masses exhibiting 
foe same characteristics on the walls of the cystic pituitaiy, as well as the 
clinical history, point towairl a congenital ongm tor this abnoimahty 
Theie may also exist a connection between the function of the pituitary 
and the ehorioid, as there may also be an embryological relationship 
between the ehorioid and the posterior lobe of the pituitaiy body 

Neoplasms m the pituitaiy have been often leported The enlarge- 
ments of the anterior lobe seen so frequently m cases of acromegaly have 
been often due to a new growth as well as to hypertrophy of the entile 
lobe The type of neoplasm found m this case is raie We have been 
unable to find any mention m the literatuie of finding this type of neo- 
plasm m the ehorioid and pituitary m the same case Ziegler mentions 
a condition occurring m the pituitary to which he gives the name “cystic 
endothelioma/ 5 the description of which agiees very closely with our case 
Tarnell describes an intei estmg change m a pituitary tumor lemoved 
at autopsy from a female, aged 43, whose symptoms commenced when 36 
years old, with headache, vomiting and optic neuritis, as well as cessa- 
tion of menses To quote some of his description of the findings 

Semicystie mass 3 cm m diameter continuous -with the hypophysis and 
partially obliterating foramen of Munro Both lateral ventricles dilated Gritty 
granular material and numerous small cysts found m the tumor as well as 
colloid material Micioscopically it had an adenopapillomatous struetuie, and 
the older cells of the growth shoved tendency to degeneiation Intel nal cells of 
papillae showed calcareous changes 
He conjectured that 

Its median position and nodal relation to the neuio enteric canal, its contin- 
uity v ith the hypophysis, stronglj suggest its histogenie i elation not only to 
the buccal epithelium, but to the mandibular type composing the enamel-foimmg 
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or” in of tin* tooth lioiu** it h ill Mpnntion as n In jtopln sc U clmlesti atonu ami 
also an ailanmntonm t ompaialila to those tumors ill m lojini” in tin* jaws fiom 
ilont.il I'jntlii'liuni 

11 nun l)i' seen fiom tlm mtoi es| mg case that tin* pituitnn is not 
lniimmo to pathologic al ’omlitious of an obs< tin* nut me The* suggestion 
.is to tlio oi mm ol tlio t nmol in 1'ai mil's him- nut\ ho quite imiect, and 
tlu? nanie appiopimte M't it would In* olnmmh uupo-Mldc to (olleet 
within tlio < onlines of one Mii'ill .utode all the oh'tuio tumoi foinintions 
of this oi trail Sulluo it. nt am into loi th.* pii -out. to s,i\ that om < .m 
])ii'sonts nnothoi unusual t\pe nf tumoi foimntnm pioimhh contronital 
m oi mm and (hot lm -omc um \plntnahlo lojison it {Mutinied m the 
pituitnn t haniri* which btnught about m miiih ohsiuio niannoi. ph\ s ical 
and mental dop.uhue- fiom tin noiinal 

Mam Mews ha\e lieon juest'uiod nlumt pituitnn distuihamos smio 
Mane m list'*) made lm mi* to-img ohsm \ntu»n loiinettimr patholnm 
changes in the pituitnn with aiiomigah it was not howevei, until a 
lew mmis jiid THI"), that l'mlith lemgni/ed anothei t\pe of pituitnn 
dnoidoi H'sultimr in distuihamos dilleient fiom those nuiimm' in 
auomegah Bnefh si 1 1 <*» 1 the juinnpnl i hanires in tlm (onditioii who 
m tomnlcs ndipos>t\ and leasintr of mon'tiuntion m males ,i toiulono 
towaid the au|uuuneiit ol jemale Imdih < h.u.u tou-th witli liupotcmee 

Ueoont lmtologn al studies ionium what was piouou-h held, that 
tlieie aio .it least two distnut t\pes ol (ells m the antenoi oi glandular 
lobe ot the pituitan hod\ It is eonjcituicd piinnpalh fiom thou 
anatomical situation that these two t\pi*s ban* distuut and sppnintc 
functions, and piobablv dtschaige the ]>iodue|s o) then metabolism into 
the difleicnt channels, tin* one into the ceiebiosjuual fluid the otlioi into 
the blood flic postonoi lobe ot the pituitnn is composed of modified 
biam tissue, and m its action on blood-pi cssiuc it io-cmbles the adicnal, 
although tlieie aio -ome nnpoitant difleienccs 

"E'en fiom this bnet iccital oi the mine outstanding anatonmnl 
featuies of the pituitaiy, it nun be seen how nch the possibilities aic 
foi conjectme legaidmg its iunetions Jt is not to be wondeicd at that 
tins well-pi otccted and isolated oigan has only in icceiit a can excited the 
eunosity of the lescaich woikci 'While something has been accom- 
plished, much leniams to be done It was onh natmal to expect that 
at the beginning of the wmk many unusual findings weie lecoidcd, tlieie 
is much obscuiity vet sunounding om knowledge of the functions of the 
pituitaiy It is, how*e\ei, fanly well established that the conditions of 
gigantism and aciomegaly aie due to changes of the antenoi lobe of the 
pituitaiy If the distuibance occuis befoie giowtli is completed gigan- 
tism appeals, if aftei, aciomegaly icsults 
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11 is also thought tlmi tho condition described lira!, by Krblieh (gen- 
orally termed hypopituitarism) is eaused by some unknown ehange, prin- 
cipally in the posterior lobo. 'Pho enso already outlined would help lo 
support snob hypothesis. Thorn was no posionor lobo disoovovod al 
autopsy, and tbo ioniums of Ibo nntorior lobo wovo in a slalo id’ degenera- 
tion. The oontval symptoms existing from bis oarhost romombranoos, 
and subsiding aflor rest. m bod for a low days, indioalo a oougoniinl 
ougin for Ibo brain findings. II is probablo (bat (bo changes usually 
assooialod with thyroid and adronal dislurbanoos, and prosonf lo sonio 
extent m Ibis onso, may bo nliribulod primiirilv lo Ibo |uluiiary. 

As to tbo nionlal undoido\o!opnionl, d is dillioull even lo offor con- 
jectures as to it 1 ' oausalion. Only Ibo fuel was obvious that il was Ibo 
nionlal development of a child and not (liai of a man of tft! yoars. 

Thanks mo duo l)i, 0 0 (linnoi, dnoolnj ol 1 ho pnllndnglonl depart nioul of 
tlu* Kowtl Violm in Hospital, Ini pci mission to publish IIiIh ease, iih woll mi to 
Dm (' F. Miutm mid John Mot’iao im a synopsis ol I ho oliidonl anion, 

OB Onion Avenue 
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A CASE OF .MYXEDEMA, WITH PECO YEP Y, AND SEVEN 
HEAPS' AKTEP-CAPE NOTES' 

KDW \1U) N imtSH Ml). \m> WILLI VU BLRGl CORNELL, MI) 

mi mtoiii 

Although iho pieMmi-ilnj know lodge of unxodoina is well di^tcin- 
mated and the diagnosis usu.illv <*n«v. the comp, unlive rant} of the 
disease contnbufes to ddu\s and nudukos in lecogm/ing the condition 
I’hc pieseni ca«e is a sinking example of ihiN a- the following lettei 
liom the patient hoi -t If will Hiow 

“I must apologue for not willing for *-o long, but nn time- »s taken up, 
K seems to me, and I Imtdh know how I spend im tune It Ins been a xear 
now since I left the olhoe and began doeloung and I do not see that 1 am one 
nt bcttei I lac c l>eon to two spnmlisls for im nos. throit and palate 'Jliev 
both said the palate and \ocal cotds wire pirtmlh parah/ed Me tongue is 
also mnch swollen, winch hinders im talking to some extent ’J lio\ sent me to 

a specialist on the eves, and he sent Im report to Dr 'Jhe\ hail 

me examined bv some kind of a specialist who examined. I ltoliecc, even nerve 

and 01 gan in the bodv He reported to Dr while I was there, and 

7 1 a™ ' l £ 0o, l deal He thought it was Bright's disease But Dr 

mug it not ns ho had beta keeping Ins examinations up so carefulh 'I lien the 
other doctoi said it was a tumor it the Ium* of the brain, and wondered I had 
novel me the headaelie oi convulsions, or had ntver been unconscious I am 
si a ic coloi, I still swell sometimes, mv breath is dreadful Have a rash 
ei im joc v which looks like warts J f ( <] nil right while in the house, but 

stouter"" 0 °'^ * <l 'I >( ' ci allv walking up lull T am s(i)I getting 

fhe letlei seemed ehaini tonstn enough to wannnt a tentative diag- 
nosis of nvyxcdema and tins was con fumed on lici admission to Shep- 
paid and Enoch Piatt Hospital, Match 22, 1005 

nf ^ Hition/ 1 he familv histoiv showed the following 'ihe father died 

rWnto 1 ‘ n 1 tuberculosis n c was said aBo to have had Blight’s 

disease One biothei lmd had tuberculosis 

sain^niffo 7 , 10 ^ H' ls1oi y Female, single, 41 xears of age Kail's luston negative 
, ‘ 1 ' 1 iec a co logiate education and later took up stenograph's , acquiring 
considerable pioficicncv Menstumtion normal ° 

ie +1 ° ns , e 0 ^ ie disease dates back five }eais A stiffness of the bands in 
fTTlt * \ ^ 1 ) 01 ^ irs ^ noticed TJicn hoaiscness began and has con 

i uoug mu change in her appearance was soon noticed her high 

i , f ie P ace y a gieenish, sallow complexion Bodilj weight steadilv mcieased 
, ,! C1 s IGn g 1 diminished Ivvo vcais ago she hnd seveial severe uterine 

, y ia D es an since then hei general condition 1ms been much woise Men- 
™ f e 1 n f S ° ccmicc f to eight weeks apart Sleep much disturbed by 
, t ? C G i rea , V ng " nd Snonn S the past sear and a half has been con- 

an j o s ipa e Even m mulsummei she made constant complaints of feeling 

* Manuscript submitted for publication in The Archives March 17, 1913 

From the Clime of the Slieppaid and Enoch Piatt Ilospital Baltimoie 


E N BRUSH— TV. B CORNELL 


531 


cold Conscious peispiration has been absent foi the same penod Mentally 
she has become dull and inactive, dislikes to make the slightest effoit, and will 
not cross the flooi foi an aitiele, no mattei how much she desnes it Depends 
on others entnely She falls asleep easily dui mg the day even while occupied 
with some diveision 

Physical Examination — Height, 155 cm, weight, diessed, 155 Han coaise 
and dry Skm is pale, sallow, has a tianspaient quality, and is eveiywliere 
dry and scaly Subcutaneous thickening is wide-spread, most noticeable about 



Fig 1 — Myxedema, before tliyioid administration, weight, 155 

the clavicles, on abdomen and legs, the lattei pit slightly on piessuie Mucous 
membranes aie pale and indicate consideiable anemia Eyelids are somewhat 
edematous, giving a flat appeal ance to face Gums and uvula swollen Laryngo- 
scopic examination negative Thyroid gland cannot be felt and is evidently 
diminished m size Heait shows reduplication of first sound Blood-pi essure 
averaged 150 systolic, 115 diastolic 

Neuiologic Examination — Pupils leact somewhat sluggishly to light Fundi 
show nothing but anemia Deep tendon reflexes equal and slightly exaggerated 
Pharyngeal diminished Cutaneous sensation, muscle sense and stereognosis 



12 Tin: 1 uni i\ ns or i\ru:\ \h mldicim; 

nppuentU unaffected ( oortlnmtion t< sis •.liow sonic clumsine-s Muscle xtiengtb 
gencralh d Dwunnoinc ter light 11, left H (Jut negative except for 

weakness Stands well m Romls ig’s position Nictitation frequent Voice lias 
a huM\\ and guttmal qualitx 

Mnital I rumtmtwn — ( onseiousness and orientation intact No eudence of 
tall u. ioti*> sen-e pc iec jition, hallucinations oi deluMon- Tudgimnt shows no "rot-, 
distuib uic e and insight is sulhiienth adequate «o tint “die is enojterati\e Sub 
jectneh patients sensations pri -<‘iit languor imitia m'lkni" somnolence, 
nialnise and oc t asional laadache' Ohjc<ti\cl\ icduntan attention is lipxmgnnd 
maintained with dillnult\ psw liouiotor pinnsMs an slowed, and edition is 



lug 2 Mjxedcma aftei two months’ licutment weight, 12S 

nmkedh linpaned amounting to a lugli guide nhoulin Association tests showed 
inci eased leaction time Hie aflect piesenled apatln sluggishness and 
inditTerence 

Uune examination on Maicli 24 was as follows (>10 cc for twenty four 
lioui s, stiongly acid, faint tiace of ilbumm, total uiea, «) giains 

Blood examination Maicli 22 Red blood cells, 1 370 000, white blood cells, 
7,200, hemoglobin, 45 pei cent Differential count of 03 cells poljmoipho 
nucleais, 52 4 pei cent, small monomicleai s, 24 S pei cent , laigc mononuclenis, 
1 5 pei cent , eosinophils, 19 7 pei cent , basophils, 1 pei cent 
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Treatment and Cowse — On Mai eh 26 patient Mas put on 2 grains of desic- 
cated tliyioid gland tluee times a day This w r as mci eased to 14 glams daily, 
and then diopped to 10, which was the dose she was taking on her dischaige, 
May 20, 1905 

The following blood evannnations show a piogiessive letuin towaid noimal 




Mai eh 27 

Apnl 10 

Apnl 30 

May 19 

BBC 


r 

c 

1,170,000 

4,136,000 4,800,000 

W B C 



6,200 

6,000 

5,500 

Hemoglobin 



55 % 

55 % 

75 % 

Polynucleais 


57 4% 

60 4% 

63 7% 

62 % 

Small mononueleais 


21 % 

27 7% 

21 8% 

26 % 

Laige mononuclears 


2 6% 

3 4% 

7 6% 

6 % 

Eosinophils 


16 % 

6S% 

6 1% 

5 % 

Basophils 


1S% 

15% 

0 7% 

0 8% 

Normoblasts 


5 

6 

2 

0 

Successive mine 

examinations gave 

the following lesults 



Mai ch 

25 Apnl 7 

Apnl 26 

May 12 May 16 

May 18 

Tw'enty-foui horn 






amount c c 

690 

570 

660 

510 960 

1,000 

Sp G 

1 015 

1 015 

1 015 

1 01S 1 014 

1 015 

Uiea, total, gm 
Albumin 

6 



17 2 

17 8 

0 

+ 

Ti 

Ti Ti 

Ti 


Body weight piogiessivep declined as follows 


Apul 1, 153, Apnl 8, 147, Apul 15, 142, Apnl 22, 137, Apnl 29, 134, 
Mav 6 132, Mar 13, 130, and May 20, 128, oi about 2 pounds below hei noimal 

The effect ot the tlmoid admimstiation m the cu dilation was noted in a 
giadually developing tachycaidia which leached a maximum of 120 about a 
week aftei inception of tieatment, and then kept fanly constantly at 110 dunng 
the balance of hospital lesulence Blood-piessuie giadually declined fiom an 
aveiage systolic of 150 to 115 

Tempeiatuie showed a slight megulai elevation, the highest point, 99 8, wans 
leached about nine days aftei tieatment was staited 

Aftei the second week of thvioid admimstiation impi ovement w 7 as steady 
and fanly lapid Sleep became undisturbed, the snonng and lespnatoiy dis- 
tiess disappeaied, physical strength giadually letumed, although on dischaige, 
she still complained of some difficulty m ascending steps Appetite good Bow r els 
moved fieely w'ltliout cathaitics foi the fust time m a yeai and a half The 
anomalies m attention, volition and affect giadually w 7 eie leplaced by noimal 
leactions, and on leaving the hospital Ma] 20, the patient felt entnelv w 7 ell 
except for some physical weakness 

Foui months aftei leaving the hospital the patient lesumed her 
foimer position as stenogiapher and has kept steadily at work ever 
since For seveial years she took the thyioid substance without inter- 
ruption, but lately has skipped foi two or three days and then resumed 
for a like period In the seven years that have elapsed she has not 
missed a day at the office on account of illness, and feels as well as she 
ever did m her life Hei weight has not varied beyond the limits of 
130-138 

21 East Mount Vernon Place 
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An attempt ha 1 ' been made muith to potato fiom the genet nl gtoup 
of lobulni pneumonias a foim m wlueh the hi-tological picture shows tlie 
pre c cnce of Inigo niultimu ie.itccl <el|s in the alveoli, not tuberculous in 
natuie, a foim of pneumonia which fiequentlv follow- acute infectious 
diseases of childhood, moie panic ulaih nu a-le- and peitu=sis' Tins 
giant-cell foimation oecui- e-pccialh m association with desquamative 
bionchopneumoma a condition dc-c rihed hv Buhl- as eatlv as ]StG In 
ISIS" he de=cnbed in addition cntain inultimuleated fells octuriing in 
the same condition, hut his de=f upturn n not -o (omplcte ns to make 
ecitain that he c avv identic alh the* tvpe of multuiuc leated cell undei 
discussion In 18?G hovvc'ei Fiiedlaiuhi‘ gave a nunc ( omplcte 
descnption of a multinueleated cell appealing in the pneumonic pi oce s<; os 
which he pioduced c \pci lmentallv In tutting the lecuncnt lanngenl 
nenes and these cells eeitamlv me identical with tho=e desciibed by 
Hecht In tSS f ), Iviomavei' made a complete -tudv of the condition and 
consideied it chmactc‘ii-tie of the* pneumonias of measles and peitussis 
lie desenbed thiee tvpos of giant-cell (a) a laige multinueleated cell 
with laige vesiculai nuclei the cell being a fusion pi oil net of desquamated 
degenerate epithelium (b) a «mallei svnevtium with long spindle-shaped 
solid nuclei, piobahlv oiigniatmg fiom nuclear piolifeiation of the flat 
cells of the alveolus, (c) a multinueleated cell m mas-es of the cuboidal 
cells so tiequent.lv found in c bionic and oigani/mg pneumonias and 
consideied by Fnedlandei to be attempts at legenciation Aufiecht 0 
desenbed smiilm cells m 189‘i and consideied them to be fusion pioducts 

f Submitted foi publication m 'Jm Ahchivis Mnicli "»« mil 

* F iom the Dcpm tinent of Patliolog\, llimnrd Medical School 

1 Ileclit V Die Riesen/ellen Pneumonic ini Knulosaltci Boiti z patli 
An-t n z allg Path, 1010, \hm 200 

2 Bulil, L Quoted In Buhl «cc footnote 3 

3 Buhl, L Lungenent/undung, 'lubeikulose und Scliw indsuclit Munclion, 

1872 

4 Fiiedbmdei, C E\pei iinent.il untei sucliungen ilbei cliiomsclio Pneumonic, 
und Lungenschv indsuclit Viiclious Aich f path Anat , 1S76, Iwni, 325 

5 Kromaj ei , E Uebei die sogenannte K.itaiilialpiieunionie nacli Masein 
und Keuclibusten Vircliows Arch f path Anal 1SS0 even, 452 

6 Aufreelit, E Die Lungenent/undung Notlinagels Spec Path u Tlierap 
Wem, 181)4, \iv, Part I, p 275 
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Durck 7 studied the condition very carefully and consideied the giant- 
cell formation to occur particularly m diphtheria, insufflated exudate 
acting as foreign body He consideied the cells to be partly fusion 
products, partly the result of nuclear proliferation without cell division 
Stemhaus s investigated nine cases of measles pneumonia, but found no 
giant-cells, he explamed this by saying that the cases were of too shoit 
duration 

Galdi 9 made a detailed study of desquamative pneumonia, and 
although not referring to giant-cells directly, probably means to m speak- 
ing of colossally large desquamated cells Hart 10 described them m his 
first paper and considers then formation a part of the proliferative 
process m long-standmg pneumonias, but does not lefer to them m a 
later paper Friedrich Muller 11 refeis to the giant-cells m Mehring’s 
Lehrbuch, but apparently only echoes the studies of Durck HeclitV 
studies were most complete, not only including an anatomical study, but 
also making several experiments Before that, however, other workers 
had produced the cells experimentally, notably Fnedlander by section of 
the recurient laryngeal nerves, Lalir 12 by intratracheal injection of staph- 
ylococci, Durck 7 by insufflation of pneumococci and of emery powder, 
Heeht, himself, by insufflation of sterile pus, of weak ammonia water, of 
weak solution of silver nitrate, of copper sulphate and of combinations of 
baetena with insoluble irritants Bacteria produced a pneumonia, but 
not giant-cells Hecht states that he failed to produce a pneumonia by 
repeating Labi’s experiment, that is, by intratracheal insufflation of 
staphylococci Mote recently giant-cells of the same character have been 
pioduced m anaphylactic pneumonia as described by Ishioka 13 Beports 
of cases of long standing dust inhalation mention identical cells, and they 
occur also m cases of inhalation of irritant gases such as the fumes of 
nitric oxid "Wood 14 has reviewed the literature of these conditions very 

7 Durck, H Studien ubei die Aetiologie und Histologie der Pneumome lin 
Kiudesalter und dei Pneumome im Allgemeinen Deutseli Arch f khn Med , 
1S96, xlvm, 36S Also, Atlas und Grundnss dei speciellen pathologisclien Histo- 
logie Munchen, 1900, i, 94 

8 Stemhaus, F Histologisclie Untersueliungen uber die Masernpneumome 
Beitr z path Anat u z allg Path , 1901 xxix, 524 

9 Galdi, F Pneumonia desquamativa obliterans Deutseli Aich f klin 
Med, 1903, Kxv, 239 

10 Hart, K Anatomische Untersuchungen uber die bei Masern voikom- 
menden Lungeneikrankungen Deutseli Arch f klin Med , 1904, Ixxix, 108 
Also Uebei die bioncliitiselien und postpneumomschen Obliterationspi ocesse in 
den Lungen Vn chows Aich f path Anat, 1908, exem, 488 

11 Mullei, F Die Erkrankungen der Bionehien Von Mehring’s Lehrbuch 
dei Inneien Medizm Jena 1905 p 23G 

12 Quoted by Hecht (see footnote 1) 

13 Ishioka S Zur Histologie dei anaphvlaktischen Pneumome Deutsch 
Aich f khn Med, 1912, cvn 504 

14 Wood, F C Poisoning by Xitne Ovid Fumes The Archives Ixt Med, 

1912, 478 ' 
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completely and has added to it hr Ins own anatomical and experimental 
studies 

The origin and natuie of the cells have been variously interpreted, 
but it is geneially conceded that they must ongmate from the alveolar 
epithelium and tint they aie either pioducts of fusion of more or less 
degenerate cells oi aie the lesult of nuclear pi oliferation -without cell 
division Xeailv all the cases reported are of long duiation and the 
vast majontv have been m children and usually following some acute 
infection although a few. notably those of Aufieelit f have occurred m 
patients of latei life (40 and 72 yeais) This also is true of the cases 



ng 1 Low power ( 1G nmi ) showing inflamed bronchiole (A) and peri- 
bronchiolar gnirulation The sui rounding alveoli are filled with exudate and at 
B can be seen giant cells 


due to dust or gas inhalation The attendant inflammatory process is 
described sometimes as being moderately acute -with infiltration of 
lvmpliocvtes polymorplionuclears and fibrin formation . sometimes there 
is found only a moderate small round-cell infiltration into the alveoli 
and m still other cases the process is entirelv a chronic and organizing 
one Since the process of phagocytosis lias been known the cells haye 
been considered to have phagocytic powers bv most of those who have 
considered this phenomenon m their discussion 
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CASE EEPOKT 

Htstouj—V A, v lute, female, 18 months of age, was admitted to the 
Clnldien’s Hospital, Boston, Sept IS, 1911, seiviee of Di John L Moise, to whom 
we aie much indebted foi the clinical notes 

The family lustoiy and previous history aie not of especial mtei est except 
that the child Mas fed on equal paits of milk and uatei thioughout its infancy , 
it wave a lustoiy of having been admitted to the Massachusetts Geneial Hospital, 
Auo- 19 1911 w ith the diagnosis of pneumonia Theie is no lustoiy of any of 
tlie° diseases of childhood It appaiently iceoveied from the pneumonia and on 
Sept 13, 1911, urns seized with an attack of vomiting folloned by fevei and cough 
A model ate diaiihea appealed, with yellow, wateiy stools containing a small 

amount of mucus 

Examination - — On admission, the child was found to be extiemely rhachitie 
an d showed model ate enlaigement of lymph-nodes, including tonsils Examina- 
tion of the lun^s showed duhiess of entue left lung, with bionclual bieatlung 
megulailv distributed thioughout and i Ties at the base, the light uppei and 



v in 2— High powei (4 nun) showing extensive syncvtial mass (A) l^ing 
m alveolus wtth bare walls At B is seen a mass of flbi.n, at C are cells of 
exudate and nucleai fiagments undeigomg inclusion 

middle lobes dull, with diffuse bronchial bieatlung, but no rales The chest and 
abdomen were otherwise noimal Both eai diums showed scars of old peifoia- 

tions, hut no disehaige appeared no t? <,nri iru F rcsmiations 

The tempera tuie vaned megulaily between 99 F and 104 F , lespnations 

between 30 and 70 per minute, pulse between 120 and 160 per minute 

Urme on admission was noimal, but on September 30 showed trace of albumin 

and lwalme and finely gianulai easts 

Von Pirquet tubei culm test was negatne 

Stools on October 1 were green and mixed with mucus, slight excess of 
neutral fat and gicat excess of fatty acids, no excess of soaps oi starches 

Fust leukocyte count September 10 showed 22 GOO leukocytes of which ,o per 
J ' we,“SorpI'on U clea.s October 1 the.e were 14 000 leukocytes 

A 7 ecio»si/— Patient died October 2 and the autopsy (H11-9G4) was pei formed 
by Dr Albeit F Boretti October 2, eighteen hours post mottem Exclusive of 
the lun-s the findings aie as follows heart, normal, lner, cloudj swelling and 
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fatty metamoiphosis, panel eas, noimal, stomach and intestines, noimal, spleen, 
acute liypei plastic splenitis, adienals noimal kidneys, well marked cloudy 
swelling, lympli-nodes of mesenteiy, acute liypei plastic lymphadenitis, thymus, 
model ate fibrosis 

The lungs showed grossly considerable fibiinous exudation over the pleura 
Tlie^r weie consolidated m irregulai patches m left lowei lower pait of left 
uppei lobes, right lowei, light middle and lowei parts of light upper lobes The 
cut suiface was moist and much bloody tuibid exudate could be scraped off the 
suiface The reddish gray nodules of consolidation averaged 1 5 cm in diameter 
and the intervening lung substance was much congested, especially m the depend- 
ent poitions The lemainmg lung substance ciepitated and was moderately con- 
gested The bronchi and bronchioles showed no distention, but contained a large 
amount of viscid mucopurulent matenal 

Microscopic Examination — Sixty-thiee senal sections, 4 nneions m thickness, 
and one slide fiom anothei block, sections stained ivitli Malloiy connective tissue 
stain, Verhoeff elastica stain, methylene blue and eosm, Zielil-Nielsson caibol- 
fuchsm stain, weie studied 



r ig 3 High pow er ( 4 mm ) showing cell masses ( A and 33 ) one of which 
(A) lesembles an ameba m foim In other serial sections these cells were 
found to be a part of one and the same extensive syncytial mass 

Histologically, the pleura was coveied with a thin layei of fibiinous exudate 
undei which w T as found a zone of granulation tissue and beneath that the 
densei connective tissue of the pleura pi opei The exudate in the alveoli w r as 
found to occui m masses liiegulai m outline and usually suiioundmg a bion- 
chiole The mteivening lung tissue showed only a slight amount of exudate and 
edema The largei blood-vessels weie distended and filled with blood and there 
was a very definite perivascular edema of the connective tissue Finer examina- 
tion showed that the bronchioles were filled with an exudate made up principally 
of more oi less degenerate leukocytes togethei with desquamated degenerate 
epithelium a few leukocytes, nucleai detritus and an occasional small mass of 
fibnn The attached epithelium showed w 7 ell marked cloudy swelling and m 
numcious places multmucleated cells m one of which a mitotic figure was found 
The cells correspond to the cell descnbed by Friedlander 4 About many of 
the bioncluoles theie was an areola of newly foimed connective tissue extremely 
rich m capillunes and in associaton with this many of the bronchioles showed 
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paitial 01 complete loss of then epithelium No fiagmentation of the elastica 
could be detei mined The alveoli m the immediate neighboi hood weie filled with 
exudate similar to that m the bronchioles except that m a few alveoli an 
extremely lieh fibnn content was found The alveoli between the peribronchial 
pneumonic areas contained edematous piecipitate, a few lymphocytes and much 
desquamated epithelium 

Scatteied thioughout the field, but seen paiticulaily neai the margin of the 
pneumonic masses, and also neai the pleuia, weie laige numbers of multi- 
nucleated cells They oecuned only m the alveolai spaces and not m the intei - 
stitial connective tissue They measmed fiom 60 to SO microns m one diameter 
to 100 to 170 nneions and moie m the othei diametei They weie megulaily 
oathned and piesented all possible coiifigui ations fiom that of a descent or 
e%en a complete ciicle to a distinct stellate shape In places they looked like 
laige amebas, m othei places they lesembled closely the Langhans type of giant 
cell The piotoplasm foi the most pait was coai sely granular and sometimes 
contained small empty vacuoles The nuclei weie sometimes laige and vesicular 
with noimally aiianged cliiomatin, sometimes vesiculai with peripheral clumping 
of the elnomatm, sometimes they weie spheneal, sometimes elliptical, some- 
times spindle shaped, the elliptical and spindle shaped nuclei usually weie small 
and solid, the nuclei were ananged without any regulanty whatevei, sometimes 
centrally, sometimes penpheially, sometimes diffusely tluough the protoplasm 
The piotoplasm also contained lymphocytes, nuclear detiitus, fragmented erythro- 
cytes polymoiplionucleai leukocytes, and stiands oi masses of fibnn Occa- 
sionally theie was found a small unstained aieola about a polymoi phonuclear 
leukocyte, but nevei around any othei cell or piece of detiitus Where these 
multmucleated cells appealed the alveoli showed no lining epithelium For 
the most part the giant cells lay fiee in the alveoli, but frequently a small 
poition was found attached to the Avail oi even continuous with a layer of 
attached epithelium 

Special stains foi tubeicle bacillus and Treponema pallidum weie negative 
With methylene blue, cocci, sometimes in clumps, sometimes m chains, and small 
diplobacilli weie found Cultuially, Staphylococcus pyogenes auieus was 
isolated 

In reconstiuetmg the giant cells by the seual wax plate method, it was 
found that what appealed to be a numbei of giant cells m a given slide ultimately 
weie connected and foimed pait of a laige syncytial mass extending through a 
large numbei of alveoli and mfundibuli It could not be demonstiated that they 
were continuous with the broneluolai epithelium, but they weie definitely found 
to be a pait of the alveolar epithelium, showing attachments to the alveolai 
wall m vanous places When they lay fiee in the alveolai space there was no 
epithelium between them and the alveolai wall 

SUMMARY OP CASE 

111 leviewmg the case it would appeal that the child, without histoiy 
of preceding acute infection, had suffered with pneumonia foi seven 
weeks with a moie or less complete i emission m the midst of this penod 
Clinically, no unusual features were observed, nor was the gross morbid 
anatomy of the case out of the ordmaiy Histologically, the two unusual 
features weie the granulation tissue around the bionchioles and the 
giant-cell foimation m the alveoli 

DISCUSSION 

The peiibionchiolar granulation suggests the possibility of an asso- 
ciated bionclnolitis obliteians When Lange 15 descnbed this condition 

15 Lange, W Uebei erne eigenthumliche Eikrankung der Klemen Bronchien 
und Broneliiolen (Bionchitis and Bionclnolitis obliterans) Beutseh Arch f 
khn Med, 1901, Kx, 342 
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lie noted the fact that marked alveolar desquamation accompanied it m 
many cases Bronchiolitis ooliteians m its earlier stages shows this 
appearance, hut nsuallv also shows flagmen ration of the elastica which 
out case did not For was there in our case any evident narrowing- or 
dilatation of the bronchioles Xo corresponding stage of organization 
was present m the pneumonic exudate Theie is no doubt that this case 
shows an early stage of bronchiolitis obliterans 1G 

The studv of the giant-cells c hows. first the fact that there is clo=e 
anatomic connection between what a single =ection shows as a number of 
cells and the mass ram if vine throunli numerous alveoli and mfundibuh 
but not into bronchioles, second that there is obvious continuity of 
giant-cells with attached and desquamated alveolar epithelium, thud 
that the fusion of the epithelia from the alveolar wall includes m the 
final product the cells fibrin and detritus of the mtia-alveolai exudate 
a stage being shown in Figure 2 . fourth, that the elastica i= entirely 
outside the giant-cells and thus that these are completelv mtra-alveolar 
fifth that the protoplasm is never well stained and obviouslv i- degen- 
erate throughout 

This leaves two points foi discussion the histogenesis of the cells 
and the question of then vitalin . The question of the formation of the 
cells is is to whether they are ' congluti native* or ' prolifeiative ' 
(Burch ). In the study of nearly seventy sections from our case, onh 
one mitotic figure was found and no evidence whatever of direct nuclear 
division Thus although it cannot be said with certainty that nuclear 
proliferation can not account for the large number of nuclei m the cell it 
is probable that the vast majority are present as the result of fusion of 
single cells The problem of the living activitv of the cell must resolve 
itself into that of the most notable activitv that can be seen m post 
mortem specimens phagocytosis The bodies within the cells have been 
variously interpreted as simple inclusions and as objects engulted bv 
phagocytosis In the reconstruction of the cells it was found that vanous 
stages in the formation of the giant cells indicated that the epithelium 
cUsea either before oi after desquamation and formed, perhaps fiist 
crescent-shaped ngires and. m certain lines of section ring-like masses 
surrounding the alveolus and containing- m the middle the remnants of 

1G In <.his connection note also tbe folloTcmn' papers. 

Pdbbert H. Yirchotvs Arch i path Anar 1S90 ctln 104 
Herbig VL Ebenda 1B94. cxxxvi 311 

Eraenkel. A D-mtsdi. Arch f kiln Vied. 1002 Ixxm 4S4 Berl klm 
Wchnsehr 19(19 xlrr 6 

loehmann G and Moltrecht: Beitr. z path Anar n. z allg Path 1904 
xx.wi 540 

Wegelin C - Ebenda 10QS xlnx 43S 
Edens: Deutsch. Arch, f klm Med 190G Ixxxv. 59S 
Vogel EL- YIrchov-s Arch, f path Anat 1911 ceri 157 
Wood E. C . See footnote 13 
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the ongmal alveolai exudate, the eenifal space was giadually obliteiated 
and the more ox less degenerate exudate was within the protoplasm of 
the giant-cell It was noticed, however, that aiound the bodies of some 
of the included cells a small aieola, suggestive of a digestive vacuole 
was founds but fuither examination showed that this phenomenon 
occurred exclusively aiound polymorphonucleai leukocytes If this weie 
to be eonsideied a function of the giant-cell, it would seem reasonable to 
expect to find the same appeal ance around lymphocytes and erythrocytes 
as well as aiound leukocytes This not being the case, it seems more 
likely to suppose that it represents the activity of the proteolytic feiment 
of the leukocyte We have found, then, no positive evidence of phago- 
cytic activity of these cells and no positive evidence of the fact that they 
aie living active cells Kromayei and otheis have found occasional 
mitotic figuies and evidences of direct cell division, but no one has 
bi ought fonvard indisputable evidence of phagocytic activity on the part 
of the syncytial masses 

CONCLUSIONS 

1 The case studied is one of bionehopneumoma of the desquamative 
type and is associated with an eaily stage of bionchiolitis obliterans 

2 No good leason has been given foi assigning to the so-called “giant 
cell pneumonia” the dignitj of classification as a pathological or clinical 
entity 

3 The giant-cell foimation may occui following a wide vanety of 
causes and is not cliai actenstic of the pneumonias following only measles 
and peitussis 

4 The giant-cells aie almost entnely the pioduct of fusion of alveolar 
epithelium and piesent a wide vanety of moiphological chaiacters, 
depending on the line of section 

5 Theie is no positive evidence foi believing that these cells func- 
tionate as phagocytes 



THE DETERMINATION OE THE DIASTOLIC PRESSHRE IN 
AORTIC REGURGITATION 


ALBERT E TAUSSIG, MD and JEROME E COOK, MD 

ST LOUIS 

The deteimmation of the diastolic aitenal pressuie is second m 
clinical importance only to that of the systolic piessuie The average of 
the two appioximates the mean blood-piessuie and then diffeience the 
pulse-pressure, both of them values of consideiable significance Under 
favorable conditions, some notion of the systolic output of the heart can 
be obtained by dividing the pulse-piessuie by the mean pressuie, while 
the pioduct of pulse-piessuie by pulse-rate often gnes us an idea of the 
absolute work done by the heai t The leason why the deteimmation of 
the diastolic piessuie by the geneial praetitionei has been compaiatively 
neglected seems to be that the simpler methods, as ordinal lly practiced, 
give uncertain lesults, while the moie accuiate ones lequne a rather 
bulky apparatus 

THE VARIOUS METHODS 

The methods foi estimating the diastolic piessuie may be giouped 
into foul classes, the palpatoiy, the visual, the graphic and the ausculta- 
toiy All of them depend fundamentally on the same fact When the 
pressure m the cufi is higher than the systolic pressure, no blood flows 
into the arm As the pressure m the cuff is slowty diminished a point is 
reached, at which the blood is just able to flow through the constricted 
aitery This maiks the systolic pressure As the pressuie m the cufi: 
continues to fall, laiger and laigei pulses pass down the artery until a 
point is reached at which the piessure m the cuff is just able to compress 
the aitery during diastole When the pressure in the cuff falls still lower, 
the amplitude of the pulsations again diminishes, since the peripheral 
poition of the arterial tree in the arm is now not quite empty during 
diastole This fall m the pulse amplitude marks the diastolic pressure 
With the palpatory method, ihe observer places one or moie fingers on 
the radial artery, while the pressuie m the cuff is allowed to fall The 
first pulse felt at the wust marks the systolic piessure, while the point 
at which the radial pulse fust shows maximal pulsations maiks the dias- 
tolic pressure Or, better, the pressure m the cuff is gradually increased 
and the point at which the pulsations aie maximal and about which thev 
glow smaller is taken as marking the diastolic pressure This method, 

^Submitted for publication m The Archives, Feb 28, 1913 
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m expenenced hands, gives fanly good results It, howevei, lequnes 
considerable training and involves a good deal of the subjective element 
The comparative!} 7 unskilled observei obtains entnely untiustwoithy 
results 

The visual methods involve the detection of the point of maximal 
pulsation by the eye The excuisions of the top of the mercury m the 
manometei or the vibiations of the needle m the dial manometer may 
be obseived as the piessure falls, or the amplitude of the vibrations of a 
diop of alcohol m a capillary tube or of a pith-ball m a larger tube may 
be watched The obseivation of the vibration of the column of mercury 
rarely gives satisfactoiy lesults If the manometer tube is narrow, the 
vibrations are too small to be utilized, if widei, the poitability of the 
mstiument suifeis In any case, the accurate gauging of the point of 
maximal oscillation is a matter of difficulty, except peihaps m pulses of 
unusuall} 7 laige amplitude, and is dependent to an undue degree on the 
personal equation The same is true m varying degrees of the othei 
vaneties of this method Pal’s sphygmoscope apparently gives the best 
lesults, but the apparatus is not easily portable, and observations with it 
aie lery tedious Ehret has stated that at the point of diastolic piessuie, 
and at that point only, the cubital artei y can be seen to pulsate violently, 
but we have not been able, even aftei many trials, to confirm this 
observation 

Of the giaphic methods, the best is that of Erlanger A tracing is 
taken, as the pressure falls, of the brachial pulse as registeied by the cuff 
itself The diastolic pressuie is marked not by the point of greatest 
oscillation nor by the point at which the oscillations first become smaher, 
smce a diminution of amplitude often occuis above the diastolic pressuie 
In these cases, as the pressure in the cuff continues to fall, a further, 
sharper diminution of amplitude may be observed, and this maiks the 
diastolic piessure Sometimes, however, the fall m amplitude of the 
oscillations is so giadual that it is nearly impossible to identify this point 
Moreover, this method, too, requnes special training on the part of the 
observer, since he must watch both tracing and manometer simultane- 
ously and instantly identify the point at which the pulse tracing shows a 
sharp fall m amplitude This difficulty may to a degree be obviated by 
using a marker m connection with the tiacmg, registering each 10 mm 
of fall and latei noting the pressure with which the decrease in amplitude 
conesponds In those cases m which the fall of amplitude is not sharp, 
the difficulties of utilizing the apparatus are considerable 

The auscultatory method, on the other hand, is nearlv free from these 
disadvantages It was fil'd introduced by Korotkow m 1905 at a meet- 
ing of the Society of Militan Suigeons m St Petersburg The pneu- 
matic cuff is placed around the arm m the usual manner, the pressure is 
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raised above the systolic level, and, as the pressure slowly falls the 
obseivei auscultates the arteiy at the bend ot the elbow with a small 
stethoscope The bell of the stethoscope should rest ovei the arteiy with 
the least possible pressure and should be close to the lower border of the 
cuff With the first pulse that passes under the cuff, a sliaip systolic 
sound is heard As the piessuie continues to fall, this tapping sound is 
replaced by a murmui , the lattei again merges into a sharp sound, which 
first becomes dull and then ceases altogether Tor convenience of refer- 
ence, these changes of tone lme been designated as phases, the first 
phase beginning with the fiist appeal ance of a sound, the second with J 
the mui mui, the thud with the leappearance of the sharp sound, the 
fourth with the dulling of the sound, and the fifth with the cessation 
of all aiterial sound All obseneis agree that the beginning of the first 
phase maiks the systolic piessuie, and we believe this is m most cases the 



Fig 1 — Aortic leguigitation with slioit fouith phase On auscultation, with 
ling piessuie m the cuff, the fiist phase begins at 132 mm Hg, the second at 
mm , the tlmd at 114 mm , the fouith at 6S mm , the fifth at 34 mm The 
uppei tiacmg was taken with the Eilanger apparatus, the pressuie m the cuff 
being made to fall 2 mm between each set of pulse waves The lowei tiacmg 
vas made with the same appaiatus, the pressuie in the cuff being allowed to 
fall continuously The figuies lepiesent mm Hg of piessuie m the cuff It is 
obvious that the diastolic piessuie, as leeoided by the Eilanger appaiatus, eorre 
sponds accuiatelj with the beginning of the fouith phase 

most accurate way of determining this pressure It is as much supei 101 
to the palpation of the radial as the sense of healing is keenei than the 
sense of touch Students and all without a highly developed tacfus 
ei uditus nearly always obtain higher values with the auscultatoiy than 
with the palpatory method, and the more expertly the latter is done, the 
more neaily its results approach those of the auscultatory method The 
exception to this rule is foimed by individuals with small cubital artei ie=, 
m whom the Koroikow sounds are very feeble In these cases the pal- 
patory method is- sometimes preferable 
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THE PHASE MASKING DIASTOLIC PRESSURE 

The phase that marks the diastolic pi assure has given rise to maiked 
dn ergence of opinion, and it may be this uncertainty that is responsible 
for the comparative neglect of this method Korotkow took the begin- 
ning of the fifth phase, at which all sounds disappear, to maik the dias- 
tolic piessuie, and m this he has been followed by the gieat majority of 
wnteis Among these may be mentioned, Kiylow, Janowski, Ettmger, 
Fellnei, J Fischei, Elnet, Schrumpf and Zabel, Montz, van Westennjk, 
Gettings, and, according to Hnschfeldei, Miss Allen and Mr Engle, 
woikmg m the Johns Hopkins Hospital Hnschfeldei himself, m his 
text-hook follows Staelielm in taking the point at which the sound is 
loudest, as the diastolic piessure, an opinion which has not found many 
adherents Lang and Manswetowa, in 1908, compaied the auscultatory 
method with the appaiatus of von Kecklmgh ausen and found umfonnly 
that the diastolic piessuie was marked by the point at which the second 
cleai sound took on a dull chzractei Hoovei, Wai field and Eelno came 
to the same conclusion, the fiist by companng the auscultatoiy method 
with the meicui) manometer, the second with the sphygmogiaph and the 
thud with the Eilangei appaiatus Waifield has contained his clinical 
obseivation by means of animal expenment 

authors' technic 

Duiing the past six months, we have compaied the Koiotkow method 
with the lesults obtained by Eilanger s appaiatus m a laige number of 
cases and feel quite eeitam that it is the beginning of the fouith and 
not of the fifth phase that marks the diastolic pressure At fiist we 
listened ovei the aiterv while making oui Eilanger determinations 
Latei, feaung that the influence of suggestion might be leading us astray, 
we fiist made our auscultatory determinations, usually each of us inde- 
pendently, recoided them and then took our Eilangei tracings In oidei 
to obtain the gieatest possible accuracy m the lattei, we took the biaclnal 
pulse tiacmgs by means of the interrupted method, allowing the piessure 
m the cuff to fall 2 mm Hg between each set of ti acmgs and calling the 
fiist sudden fall m amplitude the diastolic piessure In nearly all cases, 
the two methods coincided accuiatelv Wheie they differed, it was only 
b) 2, mrely 4 mm, a difference v ell within the enor of observation 
Even these differences usually occurred only m those cases m which the 
interpretation of the Erlangei tiacmgs was difficult 

The theoretic explanation of the fouith phase, as maikmg the dias- 
tolic piessuie, is not far to seek As the pressure m the cuff falls to the 
systolic pressuie, the fiist pulses pass through They find the aiteiy 
below the cuff empty, and, distending it suddenly, produce a sharp 
sound As the piessuie m the cuff continues to fall, a point mil be 
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leached at which enough blood passes thiough to form whnls m the 
aiierial stream, thus pioducmg a murmur, which is usually loud enough 
to conceal the sharp sound This phenomenon may be pioduced m any 
accessible aiteiy by compressing it with the bell of the stethoscope 
When the falling piessuie leaches a point at which whnls are no longei 
pioduced m the blood-stieam, the cleai, tapping sound leappeais The 
aitery beyond the cuff is still empty dui mg diastole, and its sudden 
expansion by the spuit of blood that passes beneath the cuff at systole 
causes the clear, sharp note As soon as the diastolic piessure is leached, 
however, a steady stieam of blood begins to flow beneath the cuff, even 
between pulsations, and acting as a buffer, muffles the sound The dull 
note, so pioduced, continues foi a while until the sound is completelv 
extinguished by the constantly mci easing column of blood m the aiteiy 
beyond the cuff The correctness of this hypothesis is confirmed by the 
fact that if the obseivations are continued foi an undue length of time, 
without releasing the piessuie m the cuff, all of the sounds become 
muffled What has happened is this The blood that passes under the 
cuff, at first finds a lestmg place m Ihe veins of the arm, beyond the cuff 
Aftei these have become fully distended, the blood must begin to accum- 
ulate m the artei les and a condition results smnlai to that occun mg 
during the fourth phase 

ARTERIAL SOUND IN' AORTIC REGURGITATION 
Having thus confirmed the obseivations of Lang and Manswetowa 
and of Warfield, om attention was diawn to the conditions obtaining m 
aortic regurgitation In this affection, the diastolic pressure is very low 
and the pulse-piessure abnormally high, pioducmg a condition m the 
aitenes similai to that obtaining m the biaelnal aitery just beyond the 
cuff, when the piessuie m the lattei has fallen a little below the diastolic 
piessuie The lesult, m many cases, but not m all, is that a sound can 
be heard, on listening over any accessible aitery, similai to that heard 
at the fouith phase, with Koi otkow’s method That this is the dull note 
of the fourth phase and not the sharp note of the third can lie shown by 
placing the bell of the stethoscope ovei the artei y m the bend of the 
elbow while the pressure m the cuff is rapidly laised At a certain point, 
which by the way maiks the diastolic piessuie, the dull note, heard fiom 
the very beginning, is suddenly leplaced by a shaipei and loudei one 
The great majority of the obseiveis who have written on the auscultatory 
method, have taken pains to lemaik that the method is inapplicable to 
aortic regurgitation because of the peisistence of the arterial sound It 
was this statement that oui ini estigation was intended to test We have, 
so fai, been able to eompaie the deteimmation of the diastolic pressure 
by means of Eilanger’s appaiatus with the i emits obtained by the 
auscultatory method in eighteen cases of aoitic leguigitation In most 
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of them a large numbei of comparative determinations were made, often 
nearly daily for a considerable period of time Our results unifoimly 
showed that the diastolic pressure here as in other ca«es coincides exactly 
with the beginning of the fouith phase and that the method of Koiotkow 
will unifoimly measuie the diastolic pressuie in aoitic reguigitation 
quite as sharply and acciuately a 5 m any other condition 

An interesting question involves the peisistence of the fourth phase 
m this disease, that is, the piesence of a pulse-sound in the artery even 
when tlieie is no piessuie m the cuff A numbei of writeis consider this 
phenomenon pathognomonic of aortic reguigitation This is clearly an 
eiror It was constantly piesent m only eight out of 0111 eighteen cases 
and occasionally m two otlieis In the other cases, the duration of the 
fouith phase vaned from G to S8 mm, the aveiage being 32 mm In 
these cases, the aveiage piessuie at which the fourth phase ceased was 
33 mm Moieovei, we have seen tlnee cases, one a hi oncliopneumoma 
and two exophthalmic goiteis m which the pulse sound peisnted down 
to zero piessuie In both, the pulse-pressuie was high and the diastolic 
pressuie low 

INFLUENCE OE RESPIRATION ON PRESSURES 

Any attempt accurately to measuie the blood-piessuie must take into 
account the influence exeited on the lattei by the lespnatoiy movements 
It has long been known that inspiration is accompanied by a fall m blood- 
pressure and expiration by a rise The two do not coincide exactly, how- 
ever, the pressuie continuing to use foi a beat oi two aftei the begin- 
ning of inspiration and to fall a beat ox two aftei the beginning of expira- 
tion The same phenomenon occurs m man and can be obseived m any 
Eilangei tiacmg As the pressuie m the cuff approaches the diastolic, 
fluctuations m the amplitude of the recorded pulse-wmves can be seen 
that aie synchronous with respiration With quiet breathing, the fluctu- 
ations m piessuie are slight, laiely exceeding a few r millimeters In 
cases of dyspnea, howevei, and especially m Clieyne-Stokes respiration, 
they may be so gieat (12 mm oi more) as entuely to vitiate the results 
obtained with the Erlanger apparatus In addition to the fluctuation of 
amplitude due to the deep i espn ation, theie is, m Clieyne-Stokes breath- 
ing, due to heart disease, a steady increase in the amplitude of the pulsa- 
tions during the period of apnea In such cases, then, the diastolic 
pressuie obtained with the Eilangei appaiatus will vary considerably 
according as this point is reached duiing inspiration or expn ation oi 
during the beginning or the end of apnea The same will be true of the 
systolic presume The results obtained will be largely a matter of chance 
With the auscultatoiy method, on the other hand, no such difficulties can 
arise It is an easy matter to determine the maximum and minimum 
limits of pressure at which the first sound appears and the maximum 
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and minimum limits at which the second sound becomes dull The 
limits between which the s 3 r stolic and diastolic piessuies vaiy can thus 
leadily be made out 

Kecently theie has come undei oui obseivation a condition m which 
the auseultatoiy method was the only one giving even appioximatelv 
accurate lesults The case was one of Addison’s disease m which the 
pulse-picssuie was so small that the exclusions with the Eilangei 
appaiatus weie scaicely laige enough to be recoided With the ausculta- 
toiy method the sounds, though feeble, weie distinct and the dulling of 
the sound clearly maiked 

CONCLUSION'S 

Our conclusions thus are 

1 With the auseultatoiy method the beginning of the fouith phase, 
that is, the dulling of the aitenal sound, maiks the diastolic piessuie 

2 Since this point can leadily be made out m aoitic legurgitation, 
the auseultatoiy method is as applicable to this condition as to any othei 

3 The peisistent aitenal sound is not pathognomonic of aortic legur- 
gitation, being often absent m this disease and occasionally piesent m 
othei conditions 

4 In cases with veiy low pulse-piessuie, m those with maiked dysp- 
nea and in Cheyne-Stokes bieathing, the auseultatoiy method is espe- 
cially valuable, being often distinctly supenoi to the giapluc method 
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54 
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70 

55 

R N 

154 

66 

58 
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62 

0 

H S 
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52 

O 

R M 

190 

137 

•> 

W B 

145 

70 

50 

II W 

150 

75 

0 


The above table shows Phases I, IV and V of our eighteen eases A number 
of obseivations weie taken on most of the cases An aveiage leading is given 
The daily Aginations in a given case were seldom gieat 

In conclusion, we desne to evpiess oui thanks to Pi of George Dock, m -whose 
vaids at the Washington Umveisity Hospital most of the abo\ e woik -was done 
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A CLINICAL INVESTIGATION - OF THE CARBONIC ACID 

IN THE ALVEOLAR AIR 

E G GREY, MD, and A D HIRSCHFELDER, MD, 

BOSTON BALTIMORE 

The experiments of Mosso, Haldane and his collaborators, and of 
Yandell Henderson hate shown that the maintenance of a definite 
peicentage of carbon dioxid m the alveolar an of the lungs and m the 
blood is of prime importance to the organism and is maintained by a 
definite physiological regulation They have also shown that ovei- 
ventilation of the lungs by hyperpnea, which i educes the concentiation 
of the C0 2 m the alveolar an below normal, gives rise to a feeling of 
weakness and giddiness exactly like that of mountain sickness, and when 
pushed to extremes, also to penodic breathing of the Cheyne-Stokes type 

Yandell Henderson has produced a good deal of evidence to indicate 
that the clinical manifestations of suigieal shock may be brought about 
by a condition of acapnia, and Forges, Lenndoifei and Maieovici have 
found acapnia present m cases of acidosis and m certain cases of cardiac 
dyspnea 

As the subject seemed to wanant fuither investigation from the 
clinical side, the following obseivations were made 

We take gieat pleasure m expressing our thanks to Dis Baikei, Thayer, 
Halsted and Williams foi the privilege of investigating cases m their respective 
sei vices m the Johns Plopkms Hospital, as veil as to the membeis of the house 
staff for then hearty cooperation 

In carrying on a series of investigations, along with othei routine 
duties met with m the wards of a large general hospital, the first 
essential was the possession of a poi table form of appaiatus The 
appartus to be described below, winch possessed all the essentials of a 
complete Haldane outfit, but which was not much laiger than the case 
of a microscope and could be easily and rapidly transpoited to different 
parts of the hospital, was therefoie constructed 

EXPERIMENTAL APPARATUS AND TECHNIC 

The appaiatus consisted essentially of the Haldane long lubbei tube and 
gas buret for collecting samples of air, connected vith a Hempel absorption 
bulb containing a solution of one pait bj weight of potassium hydioxid m turn 
parts of water 

* From the Physiologic Laboratory of the Medical Clinic, Johns Hopkins 
University, and the Medical Sen ice of the Johns Hopkins Hospital 

* Read at the meeting of the American Phvsiologieal Societ\ Clei eland, Ohio, 
Dee 31, 1912 

* Manuscript submitted for publication m The Archi\fs Maich S 1913 
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The patient took between his lips a mouth piece made of a slightly flattened 
piece of glass tubing 15 cm m diameter, -which was connected by a tlnn-walled 
tube of puie gum mbbei with a biass tube 4 cm long fiom the side of which 
a T-tube 0 0 cm in diametei passed tin ougli a hole m the box lid to connect 
with the gas bmet on the inside of the box The fuithei end of the wide biass 
tube was connected with a mbbei tube of conesponding width 210 cm long 
which was coiled up like a ti unipet and dimly wired m place on the outside 
of the lul A cuived Ochsnei clamp nisei ted tin ougli a screw' eje just above 
the soft rubbei tube enables the opeiatoi to clamp off the latter quickly at 
the end of the subject’s expnation, in oidei that the ail in the long tube mat 
be analyzed at leisuie The capacity of this tube w r as 370 cc and since the 
mean volume of lesidual ail is about 150 cc it can be assumed that at the 
end of a foiced expnation the pioxnnal poition of this tube contained almost 
pure alveolai ail 


t 


D 

Tig 1 — P oi table apparatus for the deteimmation of caibon dioxid m the 
alveolai an A Inner aspect of the lid and box, showing the tlneew'ay cock, 
the gas buiet and w'ater-jacket, the meicuiy vessel lesting m the stiriup and 
the handle foi lifting the lid Within the box is show'll the Hempel absoiption 
bulb (KOI!) and its connections B External aspect of lid, showing the Ochsnei 
clamp, the mouth-piece, the coiled lubbei tube and the second handle foi 
lifting the lid 

The gas buiet in which the expned an was collected w T as specially consti ucted 
for the pui pose and consisted of an unmarked bulb of about 75 cc (757 cc) 
capacity aboie which there w'as fused a 3 way cock whose tubes connected on 
the one hand with the T-brancli of the collecting tube and on the otliei by 
means of small bore (1 mm ) baiometer tubing with the Hempel absoiption 
bulbs On the low'er end of the bulb tube tlieie w'as fused a small tube of 
10 to 15 cc capacity graduated in 0 1 cc 1 The bulb and the buiet aie 
inclosed in a w'atei jacket G cm m diametei to keep the air within at exactly 
room tempeiatuie The low'ei end of the gas buiet is connected by a heavj 
rubber tube with a glass vessel of about 100 cc capacity piefeiablt the bulb of a 

1 In the fiist experiments a bulb of 35 7 cc capacity was used without the 
water-jacket, and the connections between the parts were made with mbbei 
tubing The results obtained with this small mstiument did not differ mate 
riallv from those obtained with the larger watei cooled bulb 
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100 cc pipet whieli can be left to rest on a padded stirrup of metal placed on 
the door of the box a little below the level of the buret and a few inches to the 
left of the latter The air is drawn into the buret by lowering this mercury 
vessel, or more conveniently by having it rest m the stirrup when the 3-way cock 
is opened When the latter is closed the exact volume at atmospheric pressure 
is ascertained by raising or lowering this vessel until the top of the mercury 
menisci m both vessels are at exactly the same level The leveling is somewhat 
facilitated by fixing a small mirror on the door behind the buret and raising 
and lowering the mercury vessel until the two menisci and their images are seen 
at the same level (Fig 2) In order that the air within the bulb should 
remain saturated with moisture, 0 5 c c of water slightly acidulated with dilute 
acetic acid is left floating above the mercury and the volume of the air is read 
from the lover edge of this water meniscus rather than from the upper edge 
of the mercury meniscus A stock bottle of this acidulated water is kept on 
hand and is colored pink by the addition of dimethylammoazobenzol m order to 
show always that no potassium hydroxid has been carried back into the bulb 
After the volume of expired air has been measured, the C0 2 content may be 
determined by connecting the free arm of the 3-way tube with the Hempel 
absorption bulbs, preferably by means of an intermediary arm of fine bored glass 
tubing (barometer tubing) with short rubber connections The 3-way cock is 
then turned to open into this arm and the air forced completely out of buret 
and bulb and into the Hempel bulb by raising the mercury vessel When all of 
the air has been forced out of the bulb, the stop cock is again turned off full 
so that no air can return and the mercury vessel returned to the stirrup The 

expired air is left m the absorbing bulb for one minute which is sufficient to 

absorb the C0 2 and then the stopcock is turned back and the air drawn back 
again into the bulb and buret until the KOH returns to its former le\ el m the 
arm of the Hempel tube The stop cock is once more turned off, the mercury 
leveled again, and the buret read The difference between the two readings 

lepresents the CO : m the expired alveolai an The percentage of CO : is calcu- 

lated according to the equation 

First reading minus second reading 
Per cent CO a = 

Volume of bulb plus first reading 

Ho correction need be made for temperature and pressure since they are the 
same for both readings, and therefore do not affect the percentage 

In collecting the expired air the subject is first made to breathe naturally, 
then to put the mouth -piece m his mouth and at the end of a quiet expiration 
expire as forcibly as possible, or gne a violent cough, through the tube, and 
at the end of this forced expiration the tube is quickly clamped off Several 
readings are taken, those which are most divergent are discarded and the 
average of the more or less coincident ones lecorded A few preliminary deter- 
minations must be made with each patient to accustom him to the use of the 
apparatus 

In investigating the more oi less heterogeneous series of cases pre- 
senting themselves m the waids several pomts were kept uppermost m 
mmd First, to determine if possible whether the feeling of asthenia m 
convalescent patients and especially m patients who have gotten out of 
bed for the first time, is associated with the presence of acapnia Second, 
whether the latter phenomenon is responsible for these symptoms in 
patients with enteioptosis Third, the extent to which acapnia develops 
m cardiac dj'spnea, and its relation to the mechanism of the latter 

It would have been partieulaily interesting for us to have deter- 
mined the aheolar air m clinical cases of surgical shock, but those 



TABLE 1 — EXPERIMENTS WITH SMALL INSTRUMENT RESPIRATION NORMAL 
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I ABLE 4 EXPERIMENTS WITH LARGE INSTRUMENT IN CARDIOVASCULAR DISEASE 
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TABLE 7 —EXPERIMENTS WITH LARGE INSTRUMENT IN PREGNANCY 
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patients m whom the degiee of shock was sufficiently high to be regarded 
as crucial tests it did not seem safe to subject the patient to the ordeal 
of this examination 

We therefore tried to determine whether there might be any 1 elation 
between acapnia and the production of symptoms of asthenia such as 
aie met with m convalescents from long illnesses, typhoid fever, surgical 
operations and also m peisons with enteroptosis The results of deter- 
minations on such patients as shown on the chart falls within normal 
limits (4 0 to 5 5 pei cent ) m most cases, though m a few convalescents 
fiom typhoid fevei they were a little lower These results coincide well 
with the figures obtained on normal individuals by Haldane and his 
collaborafcoi s, especially Mabel Fitzgerald 

We also tued to determine whether the weakness, dizziness and 
similar sensations experienced by convalescents on first getting out of 
bed were associated with acapnia This was studied m four patients In 
two of these — a man who had just gotten out of bed aftei an operation 
for appendicitis and a patient with gastnc ulcer and extreme ptosis of 
the visceia — there was a slight fall of alveolai C0 2 (fiom 0 3 to 0 5 
per cent ), a little more than the diurnal variation In one convalescent 
from an appendix operation there was a rise of 0 2 per cent m spite of 
the fact that he complained of weakness and some giddiness and light 
headedness One of the four patients, a convalescent fiom a double 
herniotomy, who also had these symptoms, showed a marked fall m the 
COn from 5 3 per cent down to 4 4 per cent Theie was, however, no 
marked change m rate of respiration 

These figures all represent percentages well above the level of acapnia, 
although m only one of the cases was the fall sufficiently gieat to account 
for the occurrence of any such symptoms 

We also investigated the alveolar C0 2 of a number of heart cases It 
was difficult to invest igate these m the most severe grades of dyspnea, 
because the mere act of making a very large forced expnation threw 
them into violent coughing spells and made them feel so ill that it was 
not possible always to repeat the observation 1 ? often enough to secure 
concordant results A considerable number of these cases gave results 
below the lowest level for normals and this was especially marked m 
those who had lapid respnation rates at the time of making the 
determination 

After this woik was m piogiess we found a short article m the liter- 
ature by Poiges and Marcoviei describing similar findings of low C0 2 
m certain but not m all cases of cardiac dyspnea It w r ould appear that 
ive have m caidiae disease two distinct mechanisms foi the production 
of dyspnea 
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1 Stasis and congestion m the pulmonary area, associated with 
difficulty in aeration of the blood This may act either by reflex stimu- 
lation of the vagus endings m the lung or by increasing the C0 2 m the 
blood bathing the lespiratory centei which will give rise to hyperpnea 
until the C0 2 falls to its normal level 

2 Slow arterial circulation through the medulla, as m arteno- 
scleiosis, aortic insufficiency and geneial failure of the cneulation, which 
gives rise to sj mptoms of lack of oxygen m the latter and the formation 
of acids there quite independent of the C0 2 This acid intoxication over- 
stimulates the respiration and gives use to over-ventilation of the lungs, 
acapnia, and probably sometimes Cheyne- Stokes breathing, for Pembiey 
and his collaborators have shown that the latter can be stopped by inha- 
lations of C0 2 It is probable that such cases can be benefited by 
rebieathmg, but we have not been able to answer this question as yet 

We had one patient with Adams- Stokes disease with complete heart- 
block, who was not having any attacks or dyspnea at the time of deter- 
minations, whose alveolar C0 2 was normal 

A number of observations weie made on pregnant women neai teim 
who had slight dyspnea, most of whom were a little below the lower 
limits of normal, which might be easily accounted foi on purely mechan- 
ical grounds, though the possibility of a mild acidosis such as has been 
assumed by Poiges and Ins collaborators cannot be excluded 

Peter Brigham Hospital — 2245 Linden A\enue 
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BOOK REVIEW 


Ixxebe Sekbetox Hire phvsiologisehen Grundlagen und lhie Bedeutuug fur die 

Patliologie Von Prof Dr Artur Biedl, mit emem Vonvort von Hofrat Prof 

Dr R Paltauf Second Edition Pait One Papei Price, 26 marks Pp 

534, with 151 illustrations Berlm Urban A Seliw arzenberg, 1913 

Tbe first edition of Biedl’s splendid compilation of tbe literature and lus own 
experience on tbe glands of internal secretion, appeared m 1910 Tbe earlv appear- 
ance of the new edition demonstrates bow much need there was foi such a work, 
and how well supplied the need was But this is more than a new edition — it 
is an entirely new w ork , for while the entire book m its first edition was but about 
400 pages the first volume alone of the second edition contains 130 more The 
author seems to have felt that in his first work the limited use of space prevented 
him from going into the detail which the unsettled state of many of his problems 
really demanded for their presentation The need for explanation by means of 
illustrations has been filled by twenty colored plates and a great number of blach- 
and whites In this volume which follows m arrangement the first half of the 
original edition are cohered the thyroid, parathyroids thymus and adrenal, and 
related subjects There can be no question that the work, which from the start 
has been the best thing of the kind av ailable, is greatly increased in value by its 
augmented mclusiv eness, and is made much easier of understanding and of greater 
educational worth bv the abundant illustrations It will be used as the first 
source of information concerning the ductless glands since it is the one extensive 
and modern collection of the latest developments of this growing and interesting 
part of medical science Furthermore, it is much more than a compilation for 
Biedl himself being an active investigator in this field has analvzed the work of 
others with the judgment and insight which onlv those who are themselves 
familiar with the methods and difficulties of research can possess It is to be 
hoped that the second volume of this monograph will soon appear for since there 
is no bibliography m this it is to be assumed that that essential part of the work 
will be placed at the end 
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THE HISTOPATHOLOGY OE THE NERVOUS SYSTEM IN 

PELLAGRA - 

H DOUGLAS SINGER, MD MR CP, and LEWIS J POLLOCK, MD 

KANKAKEE, HE 

The study of the neivous system m pellagia has been made, to a veiy 
laige extent, only with the older methods of staining, and it is 0111 
purpose here to present the findings in a senes of cases m which the 
more modern methods have been used 

The actual number of papeis on the pathologic anatomy of the 
nervous system m pellagra is not veiy great and the conclusions leached 
aie somewhat vanable By some the changes aie legal ded as chaiactei- 
lstic and peculiar, wheieas others see in the various findings only the 
expiession of a geneialized intoxication not in any way specific foi this 
disease The question is of some nnpoitance in 1 elation to the widc- 
spiead belief m the occunence clinically, of a ceiiain neivous and mental 
symptom-pictuie which is supposedly necessaiy foi the diagnosis of 
pellagia Anothei control eisial featuic, v\ Inch stands out piommeiitly, 
is the question concerning the lelation of the vasculai findings to the 
neivous changes and to pellagra itself. 

The most recent 1 and extensive aiticle ou this topic is that of 
Kozowsky, whose lesults we shall have occasion to discuss m i elation to 
our own findings. In this paper there is given a very extensive leview 
of the literatuie beginning with the eighteenth century As one might 
expect, Kozowsky comes to the conclusion that there is little of \aluo 
pnoi to 1855, when there appealed a stuclv of fourteen cases In 
Landouzy Even at this tune the biam was passed ovei as piactiealh 
noimal and attention was directed chiefly to the spinal cord in whirl’ 
were described softenings and sclerosis As Kozowskv points out the 

* bubnntted for publication Jnn 22 1913 

* From the Laboratory of the Illinois State Psychopathic Institute 

* Read in condensed form befoic the National Confcience on Pellagia held id. 
Columbia, S C , Oct 3 4, 1912 

1 Since tins was written there lia\e appealed two excellent papers “Pel It up 
zur pathologischen Anatomic der Pellagrnpsvcbo^en'’ In A Rez/a Zlstln f /l 
ges Neurol u Psych, 1912, vn. 1, and ‘‘De« neurofibnlles dans la paRapu 1 ” In 
Millant Arcli d Neurol , 1912, vxxn No 2, p 312 



5G6 


TEE ARCHIVES OF IX TERN AL MEDICINE 


material is open to question, and but little stress can be laid on these 
findings In 1881 Paussier called attention to the occurrence of fatty 
degeneration m the vessels and nerve cells of the brain and the presence 
of numerous amyloid bodies. He speaks of rare and restricted arterio- 
sclerosis and reaches the conclusion that pellagra is a toxic disease similai 
to other diseases brought about by intoxications with food poisons 

Prom this time on there is a gradually increasing definition of wide- 
spread changes m the nervous system In 1883 Tonnim, besides menin- 
geal changes, descnbed fatty degeneration of anterior and postenoi 
cornual cells Hieronimus, m 1885, spoke of small-celled infiltration of 
the bram and ependyma iwith widening of the perivascular and pericel- 
lular spaces, proliferation of the ependyma of the central canal and 
inflammatory foci m the gray substance of the cord m corresponding 
legions Heusser noted clouding and thickening of the brain membianes 
with adhesions and also atiophy, sclerosis or softening of the spinal cord 
Marehi called attention to insufficient staining as evidence of degenera- 
tion of the fibers m the posterior columns, anterior horns and the spinal 
roots 

In 1889 appealed an important woik on the spinal cord by Belmondo 
based on twenty cases He divided the changes into acute and chronic 
The former were found m those cases ending clinically with the so-called 
typhoid-pellagra, and consisted m changes which belong to the path- 
ological picture of an acute memngomyelitis The chionic changes con- 
sisted m sclerosis of various tracts of the cord, which m the severe eases 
were supposedly constant and lepreseDted a systemic combined postero- 
lateial sclerosis Accompanying this, there was pigmentary degeneration 
with atrophy and loss of processes m the ganglion cells of the sympathetic 
and spinal systems He also mentioned the frequent occurrence of 
chronic leptomeningitis with "arachnitis ossificans ” 

Tuczek, 1893, described systemic sclerosis of the posterolateral col- 
umns of the coid and contrasted them with the lesions in tabes dorsalis 
He also mentioned especially the pigmentary degeneration of the spinal 
and sympathetic ganglia and described the occurrence of proliferation 
of the glia without, necessarily, any implication of the vessels This is 
also the first article m which granule cells (probably identical with 
those known under this name to-day) are specifically noted He also 
pointedly minimizes the importance of the previous findings of cerebial 
r ascular hyperemia, anemia, pial edema and meningitis, as well as 
occlusion of the central canal of the coid 

P Mane, 1894, discussed and supported Tuczekrs findings in regaid 
to the posterolateral sclerosis of the cord and its distinction from tabes 
Lombroso, m 1898, published an important monograph giving the 
results of 113 autopsies He laid much stress on the occurrence of men- 
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mgitis, which in some cases was purulent, aiachnitis ossificans, pigmen- 
tation or fatty degeneration of the adventitia of the vessels, pigmenta- 
tion of the ganglion cells of the sympathetic and whole central nervous 
system, degeneration of pyramidal and posterior columns, with numer- 
ous “granule cells ” He also mentions softening of the cord with phe- 
nomena of poliomyelitis and numerous corpora amylacea m the spinal 
cord and sympathetic system 

Babes and Sion, 1899, emphasized the pigmentation and chromat- 
olysis of cells in the brain and the presence of pigment in pericellular 
and perivascular spaces, as well as a degeneration of fibers m the pos- 
tenor roots, ascending cerebellar tract and Lissauer’s zone Similar 
findings m many respects have been made by other more recent authors 
and will be discussed in dealmg with the changes of particular elements 
of the nervous system All these papers deal, as will be seen, with the 
nervous lesions as a more or less pi unary condition There must now 
be mentioned papers by Kozowsky, 1904. Mannmi, 1905 and Alpago- 
Novallo, 1905, who laid particular emphasis on the presence of vascular 
lesions of arteriosclerotic character, which they claimed to be, to a large 
extent, the cause of the nervous lesions This same view was reiterated 
and amplified by Kozowsky m a more extensive paper m 1912 Lukacs 
and Fabmyi, m 1908, as the result of the study of three cases, minimized 
the vascular findings in their relation to the nerve lesions 

MATBEIAL 

The cases studied, fourteen in numbei, had all presented clinically, 
unquestionable evidences of pellagra. This was complicated m all hut 
two by the presence of some form of mental disorder They may be sub- 
divided mto two groups, the first of which comprises those patients 
dying during the acute or subsidmg stages of the pellagrous attack Of 
these there were eleven (We have also exammed the nerve cell changes 
only, m one other case ) Seven of them died at a short interval after the 
skm lesions had subsided, with clinical symptoms of “central neuntis ” 
In the other five there were no symptoms, such as evidence of pyramidal 
tract lesion (Babmski reflex, jactatoid spasms, etc) to suggest cential 
neuritis, although diarrhea with Tapid and progressive emaciation and 
weakness were almost always present In only one of these twelve cases 
was thei e any complicating acute disease This patient suffered from an 
attack of facial erysipelas three weeks before death, which ran the usual 
couise with recovery, but had as sequelae an abscess due to breaking down 
of cervical lymph-nodes and double otitis media Pus was still present 
m the neck at the time of death, but the abscess cavity was healing 

The second group includes three patients dying of mtercurrent dis- 
ease (lobar pneumonia, acute pulmonary and pleural tuberculosis, and 
chronic pulmonary tuberculosis, respectively) at certain periods after the 
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subsidence of all pellagrous manifestations, that is to say, aftei appaient 
recovery In one the interval was three and one-lialf months, and m 
each of the other two, eighteen months Certain significant differences 
were observed m the histology of the cases m the two groups, which will 
be descubed m detail below 

The age of the patients at death ranged fiom 35 to 71 years Tive 
were suffering from senile dementia, ages 66 to 71 (two of these belonged 
to the interval cases) Tour weie old-standing cases of dementia praecox, 
aged 36, 50, 51 and 51, respectively Two were suffering from a manic- 
depressive type of psychosis, aged 35 and 36 Two were not insane, 
aged 43 and 57 The clinical history of both of these last is published 
m detail m the Report of the Illinois Pellagi a Commission 2 

TECHNIC 

1 Tissue fixed in 10 per cent formol and imbedded m paraffin (1) Toluidm 
blue (2) Thiomn (3) Cresyl violet (4) Pappenheim-Unna (5) Heiden- 
liam’s iron-hematoxylin (6) Weigert’s iron-kematoxylm and Van Gieson’s stain 
(7) Weigert’s resorcm-fuclisin stain (8) Osmic acid and toluidm blue for 
degeneration products 

2 Tissue fixed m 10 per cent formol, after-mordanted m Weigert’s glia fixing 
solution Frozen sections (1) Alzheimer’s method No IV for protoplasmic glia 
with Mallory’s phospliomolybdic acid hematoxylin (2) Alzheimei’s method 
No V with Mann’s stain 

3 Tissue fixed in 10 per cent formol, after-moidanted, embedded in celloidm 
and stained according to Mallory’s glia fiber stain 

4 Tissue fixed m 10 or 12 per cent formol Frozen sections (1) Tliionm, 
(2) Daddi-Herxheimer fat stain (3) Smith’s nilblue sulphate for differentiat- 
ing fats (4) Bielscliou sky -Pollack silver impregnation 

5 Tissue fixed in alcohol Celloidm embedding Thiomn and toluidm blue 

6 Tissue fixed m 10 per cent formol after-mordanted m Muller’s fluid, 
embedded m celloidm ( 1 ) Weigert Kultschitsky Wolters myelin sheath stain 
(2) Marcln method 

GROSS ANATOMY 

The gioss morbid anatomy of the nervous system was m no manner 
characteristic or pathognomonic The skull presented no marked 
changes At times there was thickening and at others thinning of the 
calvarium The dura mater m the majority of cases was thickened, 
streaked with increased formation of connective tissue and m a few 
instances adherent to the pia matei The pia-arachnoid was cloudy, 
opaque, edematous and thickened , at times lifted from the brain b) the 
collection of fluid beneath it The edema and thickening were most 
prominent o^er the convexity of the brain In a few cases the pia- 
arachnoid was adherent to the underlying cortex The spinal meninges 
showed similar changes to those noted m the cerebrum Small bony 
plaques were occasionally observed Neither etat cnble nor punctate 

2 Cases J V and A D, Report of the Illinois Pellagra Commission (in 
press) Condensed Report, Tiir Archives Ixt Med, 1912, x, 123, 219 
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hemorrhages were met with m any ease The basal ganglia, cei ebelluni, 
pons and medulla were generally negative In one case seveial hemoi- 
lhagic areas were observed m the mid-bram, but subsequent examination 
showed these to be, in all probability, artefacts 

MICROSCOPIC EXAMINATION 

1 The Pm Mater — Great stress has been laid on edema and chionic 
inflammation of the pia by the older authois 

The pia showed constantly, changes of modeiate severity consisting 
m thickening of the connective tissue with prohfeiation of fibroblasts 
In a few cases the glia of the cortex was observed invading the thickened 
pia This was especially true about the sulci The more pronounced 
changes wore m the vessels The cells resulting from the proliferation 
of the vessel wall contributed largely to the formation of an exudate 
which was found m manv cases This exudate contained, besides the 
vessel cells, which were swollen and undergoing fatty degeneration, fatty 
and fibnnoid pigment granules and a few lymphocytes Leukocytes were 
found m only one case, m which there had been an attack of eiysipelas 
befoie death Plasma cells were piesent m two cases, both complicated 
by pulmonaiy tuberculosis No basophil cells were found m any case 
The exudate was very small in amount m comparison with such diseases 
as cerebral syphilis, general paialysis, etc 

The thickening and vascular change was most marked over the con- 
vexity of the brain and was only severe m one case, m which it was 
universal, involving even the membranes lying within the folds of the 
ceiebellum Similai changes to those described aboie were also found 
m the pia of the spinal cold 

2 Vessels — The changes found m the vessels may be descubed under 
two headings accoidmg as they are acute or chronic The former may 
be dnectly i elated to the pellagia, whereas the latter certainly are not 

The chionic changes were most evident m the largei arterioles and 
consisted m thickening of all coats with some proliferation of vessel 
cells These latter were also swollen and often contained various pig- 
ment granules Some of the endothelial cells were shrunken and 
pyknotic and frequently contained various granules of degenerative 
matenal Twisting, curling and the formation of ropes by the twisting 
of three or four vessels, together with splitting of the intima and curling 
of the elastica, were met with only m those cases showing senility or 
chionic alcoholism About the lessels numeious granules of fatty and 
fibrinoid chaiacter were seen and m a few cases granules showing baso- 
philic propel ties Granule cells (Abi aumzcllen) containing fatty and 
fibnnoid material weie especially frequent 
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The smallest vessels also to some extent showed the more chronic 
thickening, with, in a few cases, splitting of the mtima All the changes 
described above seemed to he related to age or general intoxication with 
alcohol In no case was there observed any hyaline change m the vessel 
wall and m none were there any suggestions of occlusion In three cases 
small hemorrhages were found, two m the spinal cord (gray matter) and 
m one m the mid-bram These hemorrhages were not surrounded by 
any reaction zone or degeneration, the extravasated blood-cells and nerve 
cells lying within the hemorrhagic area stained well, the latter showing 
well-preserved Nissl granules It was, therefore, concluded that they 
were probably artefacts and produced post mortem No other punctate 
hemorrhages were observed m any case 

The more acute changes were observed m connection with the small- 
est vessels The mtima was thickened by proliferation and the endothelial 
cells were at times swollen and at others shrunken and pyknotic Tatty 
degeneration was common and in a few instances the mtima was found 
to be split, but few if any cells were present m the spaces thus formed 
The muscle cells were proliferated, swollen and distorted, being elon- 
gated or sac-like, poor m chromatin and contamed pigment of various 
kinds The adventitia was thickened with pioliferatmg cells showing 
various kinds of degeneiation These changes m some cases were 
extremely slight 

In one case m the whole of one set of specimens, there were found m 
the adventitial cells a number of metachromatie basophil bodies which 
piesented various shapes, rosettes, curved and elongated masses with 
small projecting buds or lobules, etc These bodies resemble very closely 
those described by Eorrel m carcinoma, and to some extent those of 
Councilman m variola They possibly represent, as suggested by Pro- 
fessor Zeit of the Northwestern University, a form of mucoid degenera- 
tion They evidently require some special conditions for their staining, 
for we were unable to 'demonstrate them again even with an apparently 
identical technic and m the same brain They stamed a purplish red 
with thionm, somewhat similar to the color of the nuclei m these par- 
ticular specimens and might, if not degenerative products, be cell nuclei 
Some of the specimens do, indeed, somewhat resemble mitotic figures, 
and this explanation seems the more probable 

In all cases there was more or less perivascular infiltration, consisting 
of vessel cells, pigmented and degenerating lymphocytes, fatty and 
fibrinoid pigment granules, glia cells and Abraumzellen No basophil 
cells were observed m an} case Plasma cells were found m considerable 
numbers in one case while m a second there were a few Both of these 
patients had died of tuberculosis Leukocvtes were present m the exudate 
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m one case only., m which the patient had suffered an attack of erysipelas 
three weeks before death 

New vessel foimation and "process cells” were found rarely in one or 
two cases Stabchenzellen occurred m numbers not exceeding the normal 
limits Twisting of vessels and the formation of ropes similar to that 
described in the pia was present only m association with senility and 
chronic alcoholism Widening of the perivascular spaces was also 
observed under the same conditions The lumen of the minute vessels m 
the gray matter of the spmal cord was usually somewhat widened, and it 
was m this same position that the mmute hemonhages described above, 
probably artificially produced, had occurred 

No example of etat ciible or blood-cyst was observed 

The exudate here described was of moderate degree in all cases and m 
some had to be sought with a high power m order to demonstrate its 
presence It was not, m any degree, to be compared with the exudates 
which form such a striking pietuie, even with a low magnification, m 
specimens from general paralysis, lues cerebri, trypanosomiasis, etc 
Although it probably has a relation to pellagra as an intoxication, it was 
also present m very similar degree and constitution in those patients 
dying at some considerable interval after the subsidence of all clinical 
evidence of pellagia, and m these can probably be related to the acute 
toxic and infective diseases which caused death There is nothing m the 
picture to suggest a local invasion of the nerve tissue with micro- 
organisms 

As already indicated, much stress has been laid on the changes m the 
blood-vessels m pellagra by several authors, notably Kozowsky, Mannini 
and Alpago-Novallo Kozowsky, especially, alleges that vascular lesions 
are the cause of many of the changes m the nerve tissue This is par- 
ticularly inexplicable for the reason that he selected Ins material with 
extreme care and laid down the following conditions before admitting it 
for use m studying the pathology of pellagia He insisted on (1) the 
piesence of characteristic symptoms m each of the skm, gastio-mtestmal, 
nervous and psychic systems (2) the absence of previous alcoholism, 
syphilis and bad surroundings, (3) the patients must be under 40 to 45 
yeais of age Yet m spite of these conditions, which he claims to have 
filled m all of Ins cases, he found frequently hyaline degeneration of the 
vessels at least in some organs of the body, with small focal softenings, 
old blood cysts, punctate hemorrhages and an ctat crible m the brain It 
might also be added that m most cases he found an advanced degree of 
sclerosis of the liver and spleen and describes the former organ as grating 
under the knife on section (“ Enxrscht tinier dem Messer ” “ lasst sich nur 
schwer schneiden ”) In view of our findings with cases considerably 
older and m some suffering from the effects of chronic alcoholism one 
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cannot but feel that theie must have been some othei factoi at work The 
impoitance of the vascular changes m relation to pellagra have also been 
minimized by Tuezek and more recently Lukacs and Fabmyi 

3 Neuiogha — (a) Fibeis In all cases there was more or less 
increase of glia fibeis m the outermost layer of the bram coitex, which 
was especially maiked m and about the sulci and around the vessels 
In the network thus foimed there were numerous amyloid bodies (Plate 
I, Fig 26) In some cases the glia fibers were found invading the pia, 
causing adhesions between it and the bram Similai increase of glia 
fibeis was also present m the spinal cord, especially aiound the periphery 
and about the central canal The increase of fibeis was m no case as 
marked as is usually found m senile dementia 

(b) Cells — Although there weie found several types of glia nuclei 
and cell bodies with thionm staining, no definite conclusions can be 
drawn from them, inasmuch as the normal limits of glia cells m this 
respect are pooily defined In the superficial layers of the cortex were 
observed a large number of pyknotic distorted cells with long fibeis the 
nuclei being star-shaped, lanceolate, biscuit-shaped, semilunar, etc The 
protoplasm stained but poorly Many pigment gi anules weie present 
within these cells, staining bluish-red or pink with thiomn In the 
deepei layers of the coitex were found glia cells with a small, daik 
nucleus uch m chromatin and a small amount of faintly staining pio- 
toplasm Also cells with a swollen, pale nucleus containing but a few fine 
chromatin gianules and perhaps one or two pink nucleolus-like bodies 
The nuclei frequently fill almost the entile cell body, and show many 
types of distortion into various bizaire shapes A cell with a laige 
nucleus of the same chaiaeter and more deeply stained protoplasm was 
likewise seen In the white mattei there were two chief types of cell, one 
until a small dark and the other with a large pale nucleus 

Fatty degeneration of the bodies of the glia cells m the coitex was 
constant in marked degree The bodies of these cells likewise contained 
other pigment material staining blue, green and reddish with tlnonm 
In two cases, one of chronic alcoholism and the othei with septic infection 
following erysipelas, a few giant glia cells containing two or more nuclei 
were found 

Saiclhlosts was constantly present m 'varying degiee depending on 
the amount of chronic change m the ganglion cells At times a iiumbei 
of satellites were found directly about a ganglion cell, sometimes foimmg 
a fence about it with a space between them and the ganglion cell The 
satellite cells were especialh numerous about the cells undergoing degen- 
eration and the shadow cell= The} were not present m increased numbei 
about the cells showing axonal xeaetion 
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The astrocytes (Plate I, Pigs 19-22) m all eases were definitely 
increased m number, especially m the deepei layers of the cortex and m 
the white matter, bnt not to the degiee met with m general paralysis noi 
so marked as is usually found m senile dementia The two most maiked 
examples were cases of senility and chronic alcoholism 

These cells stained with Alzheimer’s Methods IY and V, showed 
various interesting conditions The cell processes were usually thickened 
and piesented darkly-stammg streaks of wavy outline They frequently 
appeared to be broken Occasionally the processes were small and thm 

The bodies of these cells were eithei large or comparatively small. 
Wheie large they weie more homogeneous Gianular transformation of 
the piotoplasm was frequently obseived The gianules corresponded to 
the Alzheimer methyl blue granules, and probably indicate a degenerative 
condition The nuclei showed various shapes and contained gianules 
They were ciesentic, elongated, round or oval, cential or displaced to the 
periphery of the cell At times very little of the cell body was visible 
aiound a large, distorted nucleus fiom the vicinity of which issued daikly 
staining fibeis Occasionally a peculiar staining leaction was noticed m 
the cell bodies apait from the granularity 

The relation of the astiocytes to the vessels was variable Some were 
found at a short distance from, but parallel to, the vessels, others 
encncled them, and still others existed apparently quite apait from the 
vessels m the sunoundmg tissues Those m direct relation with the 
vessels were attached to the walls by mseition feet of various shapes and 
sizes In many instances they weie bent and twisted In nine of the 
thirteen cases these insertion piocesses were definitely thickened (P]ate 
I, Pigs 19, 22), whereas m one they seemed definitely smaller than usual 
This was an interval case, aged 71, the patient dying from acute pleural 
and pulmonary tuberculosis 

In seven cases a cystic degeneiation (Plate I, Pig 19) of non-fattv 
character was found, similar to that described by Ceiletti m cases of 
pernicious malana, but also observed m other conditions This cell 
picture should be differentiated fiom the eyst-like change associated with 
fatty degeneiation The cell piotoplasm has disappeared m part or 
whole, to he replaced bv numerous small or large, pale and apparently 
empty vesicles These are piesent around the nucleus, and at times at 
some distance from it, oi along some thickened process Prom between 
the vesicles many piocesses, usually thin, can be seen to issue The sig- 
nificance of this change is unknown, but its appearance suggests a degen- 
erative condition In all but one of the seven cases showing this tjqie of 
cell, the patients had been eithei senile or the subject of chronic alco- 
holism All three of the interval cases presented these cells and died with 
infective disease 
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Giant astrocytes were found m five of the thirteen cases studied with 
the special glia stains Two of them m younger individuals with manic 
depressive insanity and dementia praecox dying fiom pellagra, two with 
chronic alcoholism and one, an interval case, dying from chronic tuber- 
culosis eighteen months after the disappearance of all symptoms of 
pellagia 

The increased number of astrocytes is not as marked as is usually 
found m senile dementia, but we cannot agree with Kozowski when he 
states that an increase of astrocytes is the exception rather than the rule 

The significance of an increase m astrocytes such as is here described 
is still undetermined According to Alzheimer, Weber and Schroedei, it 
would indicate the presence of an active disease process, whereas Orlow 
and others find them more numerous m chronic conditions The cases 
here studied can throw no light on this question, as, both chronic and 
acute changes are present 

A variety of glia cell to which Alzheimer has particularly called atten- 
tion and to which he ascribes much importance is the ameboid transfor- 
mation of astrocytes and small glia cells The ameboid glia cells (Plate 
I, Figs 23-24) have been found by Alzheimer particularly m recent and 
active diseases of the bram Never m old hemorrhages, old-standmg 
softenings, old cases of dementia praecox, in epilepsy after a long period 
free from convulsions nor m manic depressive insanity On the other 
hand, they are present m severe infection deliria, alcoholic delirium, 
acute stages of dementia praecox, many cases of status epileptieus, many 
cases of general paralysis and lues cerebri, acute and subacute experi- 
mental intoxications, uremia, diabetic coma, sepsis, etc Ameboid glia 
cells are seen most frequently m the deeper layers of the cortex and m 
the white matter They present several forms (1) A small body with 
few pseudopodia and comparatively large nucleus, they are found chiefly 
about the vessels, (2) a cell with a large homogeneous body and numer- 
ous large pseudopodia Fiequently these cells aie seen to surround a 
degenerating axone Many surround a vessel matting together around it 
Within their bodies are found pigment granules of various types Gran- 
ular change was frequent Fatty degeneration was observed m one case 
which had suffered from erysipelas Fat pigment was frequent Ameboid 
cells were found m all cases in one or another 'form It should be added 
that the interval cases all had some toxic or infective process to explain 
their presence 

Many astrocytes were seen undergoing the tiansformation into ame- 
boid cells, sometimes while still clinging to a vessel by means of the 
insertion process (Plate I, Fig 21) Occasionally there were found 
ameboid cells, the bodies of which had coalesced and hence contained 
tivo or more nuclei Along the vessels were found a number of example^ 
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of tins type of cell Besides these, a number of small cells with round 
nuclei and a small amount of granular protoplasm were found lying 
along the vessels or scattered through the white matter Processes were 
never seen issuing directly from these cells, but many thm processes 
radiated about them, and when examined m mass appeared to belong to 
the cells 

At this pomt attention may be directed to the condition of the cent ? al 
canal of the cord (Plate I, Fig 27), which was found to be occluded and 
changed m all but one of the cases Such a condition is probably not 
abnormal m any adult (Sehmaus, Ziehen, et al ), but it should be noted 
that here there seemed to be a definite central gliosis, and not merely a 
collection of debris and degenerated epithelial cells 

The processes of the ependymal cells interlaced with the fibers of the 
numerous glia cells to form a network m which were embedded amyloid 
bodies in varymg number The epend)mal cells were rich m chromatin 
and when altered were usually swollen Many layers of such cells were 
present, all semblance of the normal anangement being lost Small 
round nests of these cells were often observed scattered through the area 
occupied by the gliosis 

4 Nerve Cells — The cyio-ai chdectu) e of the coitex was only slightly 
distuibed The changes were most marked in the layers of large pyram- 
idal cells They consisted m paucity of cells with a change in their 
relative positions and increase of glia elements In no case was there a 
disturbance as severe or marked as that seen m general paralysis 

The changes m the ganglion cells of the nervous system were 
extremely marked and of great importance They may be divided for 
consideration into two groups (1) The indirect or axonal types of reac- 
tion, (2) the direct reaction types 

1 Indirect or Axonal Reactions — Two grades of intensity of this 
type may be recognized. 

(a) Typical Axonal Reaction (Plate I, Figs 1-4, 9, 10, 18) — In this 
condition, which can be produced experimentally by injuries to the axone 
(Marmesco, van Gehuchten), the cell is swollen and rounded, the nucleus 
is displaced to the peripheiy where it may form an actual projection on 
the surface, or may even be extruded altogether The tigroid substance 
has for the most part disappeared from the central portion of the cell, 
blocks, staining well, being often left around the periphery and especially 
m the base of the larger dendrites and a considerable mass around the 
nucleus The nucleus is distorted, often oval or remform, stains more or 
le^s uniformly with a pale color and there is a well-preserved nucleolus 
rich m chromatin 

(b) Central Chromatolysis — Cells presenting a body which is not 
swollen has a central well-preserved nucleus and darkly staining nucle- 
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olus The ISTissl gianules have laigely chsappeaied fiom the central 
portion of the cell, but large blocks aie present about the periphery and 
often also immediately about the nucleus It diffei s from the last m 
the absence of swelling and displacement of the nucleus. 

There was a marked difference between the cases examined at some 

j 

interval after the pellagra attack and those m which death occurred 
duiing, or soon after, an acute outbreak Of the interval cases, two died 
eighteen months, and one three and one-half months aftei the attack 
The two former showed piaetically no axonal change at all, m the last 
it was present to a much less degree than ip the acute cases In one of 
the older cases no axonal change was found m the brain or cord even m 
the Betz cells or m the cells of Claike’s column, and only one antenoi 
horn cell, situated m the dorsal i egion of the cord, presenting this change, 
was found In the second many of the Betz cells were entirely healthy, 
although a few showed cential ehiomatolysis without nuclear displace- 
ment In the cord a few cells in Clarke’s column showed typical axonal 
change as did also some of the cells of the semilunar ganglia of the 
sympathetic In the case dying thiee and one-half months after the 
subsidence of the pellagrous attack a moderate number of the Betz and 
laige pyramidal cells m the anterior central and paracentral convolutions 
showed axonal change, while most presented a picture of cential chromat- 
olysis without displacement of the nucleus In this case also some cells 
showed a granulation with homogeneous, non-metachromatic, basophil 
particles not found m any other case This change has been described m 
acute infective diseases and is possibly related to the tuberculosis, which 
was the cause of death 

In the lecent cases axonal changes weie seveie m all, and m many 
involved practically all the Betz cells and many of the large pyramidal 
cells of the central convolutions Similar changes were also found m 
the ganglion cells of the hippocampus, the dentate nucleus of the ceie- 
bellum, the cential ganglia, and the nuclei of the cranial neives 

Tn the cold these changes m the cells of Claike’s column were con- 
stant and often extreme, they were piesent m moie 01 less of the anterior 
cornual cells m eight of twelve cases, m the posterior cornua m foui (m 
one of these more maiked than m the antenoi cornua) Similar reac- 
tions were found also m the postenoi root ganglia and m the cells of the 
semilunar ganglia of the sympathetic and of Aueibach’s and Meissnei s 
ple\u G m the intestine m the cases m which these were examined 

It is noteworthy that on the whole the Furkraje cells of the cere- 
bellum were the best prefixed cells of the whole brain Some showed 
central cliromatolj sis, but none true axonal change 

The cell showing axonal icaction ) c , except m very severe degrees, 
capable of recover} and the aboie facts would suggest that the change is 
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the result of the condition, whatever it be, which underlies the acute 
pellagrous outbreak. During the interval the cells again resume, to a 
greater or less extent, their normal state This type of reaction also 
seems to result from an injury to the neurone at a distance from the 
cell and such an hypothesis is well borne out by the absence of satellitosis 
about these cells noted above 

This one feature thus seems to bear the most definite relation to the 
acute pellagra attack With it is probably to be related the scattered 
Marchi degeneration found throughout the nervous system This par- 
ticular picture of widespread axonal chromatolysi 5 with special involve- 
ment of the Betz cells and those of Clarke’s column has been noted by all 
workers on pellagra with modern methods of staining (Marmeseo, Babe 5 , 
Lugaro, Anderson and Spiller, Kozowski and others) As has already 
been noted by one of us, the picture is identical with that described by 
Meyer under the title of central neuritis In a personal communication, 
this author assures us that none of his case 5 presented clinically a picture 
of pellagra Attention may also be drawn, m this connection, to the 
publications on this syndiome and on the cytology of the brain m mental 
disorders by Cotton and Southard, Coriat, Somers, Orr and Coles In a 
case of chronic alcoholism recently studied by us, there was, clinically and 
pathologically, a picture of central neuritis, and yet nothing to suggest a 
history of pellagra Indeed, it would be impossible to distinguish micio- 
scopicallv between the specimens of this case and those here described 
We must, therefore conclude that pellagra is not capable of recognition 
post mortem (apart from the presence of the typical skm lesion 5 ). Tin 5 
is contrary to the opinion expressed by Kozowski m his very detailed 
report of eases with an excellent dige 5 t of the literature It is of interest 
here to call attention to an oft-quoted case published by Bighetti m which 
he specifically speaks of “polyneuritis” m a case of pellagra This, as far 
as we have been able to find, is the only refeience to the occurrence of 
neuritis m pellagra. The examination concerned only the spinal cord 
and peripheral nerves, and, while the axonal changes m the gray matter 
and sympathetic system were entirely similar to those described abo^e, 
there was also a focal hematomyelia m the lumbar region with clinical 
symptoms suggestive of such a lesion It is even more striking to find 
that, as specifically stated, there was no clinical history of pellagra, and 
the diagnosis was made chiefly on the grounds that the patient’s mother 
had had pellagra, and she was living under condition 5 which fa'vor it 5 
occurrence Such a conclufion might be correct, but is not j'ustified bv 
the facts 

The interpretation of these changes is possible m only one wa}. 
namely, that such a picture as that presented m central nenntis 1 5 a 
mode of reaction to some harmful agent circulating m the blood, acting 
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on the axis-cylinder processes of the neurons at some point m their 
course Further, it seems clear that this change may be brought about 
by various ultimate causes, although it is conceivable that the actual 
excitant of the reaction is the same in all and a product of body metab- 
olism under morbid conditions 

2 Du ect Cell Reaction — The result of immediate injury to the cell 
Undei this heading no distinctions can be drawn between the mtei val 
and recent cases The various types of cell met with may be grouped 
under the following headings 

Type 1 — Cell body shrunken and distorted with crenated edges hut m some 
cases normal m size, more or less uniformly staining, pale in color Nucleus rich 
m chromatin 

Type 2 — Similar cell bodies with pale nucleus which may be of the same 
color or lighter than that of the cell body which may be reticulated Within 
the nucleus or nucleolus are granules staining a bluish green with thionin In 
some of these the nucleus is lost, with or without the nucleolus 

Type 8 — Shrunken, uniformly dark staining cell body and dark nucleus some 
times filling almost the whole cell 

Type 4 — Simple chromatolysis Body normal or a little larger Nissl gran- 
ules are scattered diffusely throughout, rarefied and pale or present only as a 
fine dust Nucleus approximately normal m staining and position Nucleolus 
dark , 

Type 5 — Shadow cells, a more extreme degree of the same type as the last 
Nucleus absent The outline of the cell indistinct 

Type 6 — Vacuolated cells Nucleus present No Nissl bodies -The cell 
body contains vacuoles 

All the above types of cell change, with the exception of Types 5 and 
6, are found m all regions of the cortex m all cases, although generally 
most marked m the central and paracentral convolutions Either shadow 
oi vacuolated cells were present m all but four of fourteen cases Similar 
changes belonging more especially to Type 3 were also found m the cells 
of the gray matter m the cord, most noticeably m the posterior cornua 
In association with these direct types of cell reaction there was more 
or less well-marked satellitosis Such cell changes, first described by 
FTissl, have been the subject of numerous investigations (Marinesco, van 
Gehuchten) Marinesco, in particular, contrasts them with those we have 
described under the head of indirect or axonal reactions and consideis 
that they are the result of direct injury to the cells themselves Some of 
the types belong to the picture of acute change and have been produced 
experimentally by the administration of various intoxicants, such as 
lead, arsenic, etc , and are also observed m the acute infectious diseases , 
others are more chronic and represent the result of subacute or chronic 
poisoning A further indication that these changes are the result of 
intoxication of the cells directly by noxious agents is also shown by the 
presence of satellitosis, which, as we have mentioned, is absent arounc 
the cell showing the indirect oi axonal tjpe of reaction The other ghal 
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leactions found in the coitex and white matter must also be regaided as 
indications of active acute and chrome disease processes, showing both 
progressive and regressive types of changes 

The relation of these changes to pellagia is extremely difficult to 
determine The fact that they are present in the interval cases cannot 
be eonsideied as excluding a dependence on the pellagrous disordei, for 
similar changes can unquestionably be brought about by various toxic 
agents and must be regarded as meiely a type of reaction to damage All 
the interval cases were suffering fiom infections which might well cause 
a similar reaction to that of pellagra Attention should also be called to 
the fact that two of our patients were suffering from pellagra without 
complicating psychosis or infectious disorder and hence one would be 
inclined to attribute the direct cell reactions and glial changes found m 
them to pellagra In order definitely to settle the question of the pres- 
ence of chiomc cell change with satellitosis as a part of the pellagrous 
disease during the period when there aie no clinical symptoms observable, 
it would be necessaiy to study uncomplicated (especially by chronic 
mental disorders) intei val cases m which the patients died at a sufficient 
length of time after the acute attack to permit the disappearance of the 
nerve lesions which result from such acute exacerbation This unfortu- 
nately, we have so far, been unable to do The question is an important 
one, for if such changes do persist, there would be ample basis for the 
occunence of a moie chronic dementing pellagrous insanity, the existence 
of which must be still considered as sub judice 

Fibril Changes (Plate I, Figs 11-18) — The neurofibrils were success- 
fully stained m ten of oui cases and showed similar changes m all, includ- 
ing the interval cases The changes found consisted m 

1 Agglutination 

2 Fragmentation 

3 Loss of fibrils (m small cells only, with one exception referred to 
below) 

4. A peculiar encnclmg of the nucleus and pigment masses with 
agglutinated fibrils, not, as far as we aie aware, previously described m 
pellagia 

In only one case (senile dementia of seieie grade) were the fibrils 
found to be absent m large cells In this case the fibrils, when present, 
showed the reticular formation usual m senile dementia i This case also 
showed advanced chrome Nissl changes m the cells, with reticulated pro- 
toplasm and extreme fatty pigmentation 

The reports of fibul changes m pellagra are somewhat scanty Parhon 
and Papiman report one case m which they found complete loss of fibrils 
m the large pyramidal and Betz cells This, as already pointed out, is 
certainly the exception The neurofibrils have been the sub]ect of exten- 
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Legends foe Plate 

Figs 1-4 — Cells showing axonal type of leaction 1 and 2 from the cerebral 
cortex, 3, from the spinal anterior cornu, 4, fiom a sympathetic ganglion^ (Nissl 
staining ) 

Figs 5-6 — Pyramidal cells from the cerebral cortex showing fatty degenera- 
tion (Nissl staining ) 

Figs 7-8 — Pyramidal cells from the cerebral cortex showing basophilic 
degeneration ( Thionm ) 

Fig 9 — Cortical pyramidal cell showing axonal change and fatty degenera- 
tion (Osmic acid and toluidin blue ) 

Fig 10 — Fatty degeneration and axonal change in a cortical pyiamidal cell 
(Scharlach and hematoxylin ) 

Figs 11-18 — Fibrillary changes (Bielschowsky ) In 14 note the double 
ring formation Figure 18 represents the neuiofibnl picture in a cell showing 
axonal change 

Fig 19 — Astrocyte ( Spider cell ) undergoing cystic degeneration Note the 
thick insertion foot (Alzheimer IV ) 

Fig 20 — Astrocyte showing twisted mseition process (Alzheimer IV) 
big 21 — Astiocyte undergoing ameboid transformation (Alzheimer IV) 

Fig 22 — Astrocyte w ith thickened insertion process ( Alzheimer IV ) 

Fig 23 — Ameboid glia cell ( Alzheimer IV ) 

Figs 24-25 — Ameboid glia cells with coarse granulations (Alzheimer IV) 
F lg 26 — Amyloid bodies about a vessel ( Unna-Pappenheim ) 

Fl g 27 — Central canal of cord showing distortion and gliosis 
Figs 28 34 — Inclusion foims m muscle and adventitial cells of small vessels 
from Case 1 Figure 28 shows the number of these bodies under a low power 
Note the apparent mitotic figures in Figures 32 and 33 Figure 34 is a trans 
lerse section (Thionm ) 
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sive study m lecent tunes (Bielsehowsky, Simchowiez, Alzheimei, Fullei 
and many others), and there is a strong tendency to regard them as of 
extreme importance m the nervous functions of the neuion If this is 
coireet it seems probable that a complete loss of fibrils must mean a com- 
plete loss of function and most likely an impossibility of recovery of the 
neuron m question The clinical study of pellagra would make the 
piesence of this sequence of events m this disease at least highly 
improbable 

It is interesting to note that, m spite of the adianced age of some of 
the patients studied by us, no Redlich-Fischer plaques were found and 
none of the Alzheimer basket-cells weie encountered Three other cases 
besides the one mentioned above showed senile reticular fibril dis- 
tribution 

In all cases there was noted a maiked paucity of processes m the 
larger cells winch was especially strikmg m the specimens impregnated 
with silver. 

Pigmental y Degeneiation (Plate I, Figs 9, 10) — Pigmentary 
changes weie marked m all cases, including even those of younger age 
This pigment was present m all types of cell change, as well as m cells 
showing normal staining and formed a very prominent feature m the 
Betz, large pyramidal and other cells showing axonal change The pig- 
ment stained black with osnnc acid, led with scharlach and blue with 
nilblue sulphate. It foimed large masses at the base of the cell, some- 
times extending around the displaced nucleus and into the protoplasmic 
piocesses In many of the cells, basophil and fibunoid granules were 
present m the nucleus 

Pigmentary deposits of fatty character of some degree may be con- 
sidered as a normal phenomenon and the amount unquestionably 
increases with advancing age (Mannesco and others) Nevertheless, 
they hate been found in a child of only two yeais (Pilez) They are m 
geneial, consideied to be the lesult of a failuie to remove all products of 
metabolism, whether this be due to faulty elimination or excessive pro- 
duction Some have regaided them as the lesult of degeneration of the 
chiomatm material of the cell (Babes) There can be no question that 
m the cases studied here they are of pathological extent, far exceeding 
the amount m which present even at an advanced age This change in 
the nene cells of pellagrins has been emphasized by many authors 
notably Kozowsky 

5 Nerve Fibeis — With the Mai cln stain the brains showed diffuse 
scatteied degeneiation of radial fibers m the cortex, but none was found 
m the supraradiar} or tangential fibeis Xowhere did the} form definite 
bundles 
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In the spinal cord a few scattered, degeneiated libeis weie present m 
all regions, not m any way systemic, involving perhaps to the gieatest 
extent the poster 101 columns, and especially the subpial fibers m two 
cases The crossed piwamidal tiacts did not seem to be more affected 
than the other regions and m some cases weie practically fiee 

The antenoi and postenoi loots showed a few degeneiated fibeis, 
sometimes moie marked m the cervical, sometimes m the lumbai region 
In two cases the number of blackened fibeis was quite marked 

It is somewhat sti iking that the pyramidal tracts show so little 
Mareln degeneration m view of the extiemely widespread axonal change 
m the Betz cells of the cortex This is especially important because the 
axonal changes aie considcied, as descubed above, to be the consequence 
of damage to the axone Undei this hypothesis one can only assume that 
the damage has not been sufficiently intense m most neuions, to cause 
degeneration of the neive fibei, while yet enough to pioduce tigiolvsis 
On the other hand, it would perhaps be well to beai m mind that similar 
changes m the cell may conceivably anse m other ways, as, for instance, 
has been demonstrated by Wanmgton, m antenoi cornual cells, as the 
lesult of section of the dorsal loots In the cases heie studied the foimei 
explanation has been considered the more probable, especially m the light 
of the recovery of the Betz cells seen m the interval cases 

Wolteis-KuUschttzky Method — In the cortex we attach no signifi- 
cance to the fact that, m some cases, tlieie was pool staining of the 
tangential and supiaiadial fibeis for the reason that, in such cases, the 
amount of staining appeared to depend entnely on the degiee of differ- 
entiation The need foi caie m mterpietmg such findings has been 
emphasized by Bmswangei, jNi^sI, Alzheimer and others Apart from 
this no definite changes were found m the brain One case showed a 
cerebellar atiophy wifh defect m staining which can have no 1 elation to 
pellagra 

In the cord all cases showed some loss of staining in Goll’s column 
which was situated m most instances m the center of the column boider- 
mg the middle line In a few it extended forwaid to the eomimssuie, 
and m some involved fibers scattered throughout the whole column 
Under a high powei the degeneration was seen to affect quite scattered 
fibeis, the majoritv being well stained, and from its situation it would 
appeal to imohe the endogenous fibers belonging to the septo-maiginal 
aiea and those of the coinu-commissuial zone lathei than the main 
ascending tiact 

In most cases this change m Goll’s column vas most marked m the 
cemcal and might be entnelj absent m the lumbai and lover dorsal 
region In one case it vas moie marked m the dorsal than the eerncal 
legion In two it extended up to the medulla In tv o cases similar pale 
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staining was found m the ciossed pyramidal tiacts, m three m Lissauei’s 
tract, m one m the lateral basis bundle, and m two m the lateial limiting 
layer of Flechsig 

The fiber degeneiations m pellagia have been studied by numeious 
authors, notably Turzek, Mane and Lombroso The oldei authois 
claimed to find definite systemic degeneration, generally a combined 
postero-lateial sclerosis Later work, however (Spiller and Andeison, 
et al ), seems to show eleaily that systemic degenerations are certainly 
exceptional, and, as will be seen m the cases we have studied, they aie 
not present 

6 Amyloid Bodies and Pigment Gi armies — An excess of amyloid 
bodies is present m all cases and has attracted the attention of many 
writers In many of our specimens they aie present m very large num- 
bers, both m the bram and m the spinal cold They occui beneath the 
ependyma, along the vessels, m the thickened glia of the most supeificial 
layers of the cortex and penpliery of the spinal cold and also aiound the 
central canal The origin of these bodies has been much discussed 
According to the older views they represent degeneiated axis cjdmdeis 01 
myelm sheaths (Siegeit, Wolf and others) 01 glia cells (Oberstemei, 
Red licli and otlieis) Oberstemei’ suggests that they are degenerative 
products occui ring within the glia cell body which are at first sui rounded 
by a layer of fat, and that when the cell undeigoes disintegration the*e 
bodies are set fiee and the fatty envelope is dissolved Recently, Alz- 
heimer has suggested that they do not exist m the solid foim during life, 
but aie the result of precipitation of certain mateiial fiom the tissue 
juices by the fixing fluid* Their meaning is not by any means clear, 
but they occui especially in cluonic degeneiative conditions such as the 
senium, etc 

The pigmental y degenerations of neive cells have already been dis- 
cussed and it is only necessary heie to mention the presence of free pig- 
ment granules of fatty and fibrinoid nature m the tissues and penva*cular 
lymph-spaces m all cases In the of our cases there were also piesent 
granule^ taking a basic stain These various granule*, specially studied 
by Alzheimei, aie found m all chronic degenerative condition* 

SUXrXI-VRY 

Tlieie is pie*ent m the acute attack of pellagia and m the mtenal 
cases a picture compounded of acute and chronic tjpes of reaction The 
acute changes include direct and indirect chroma toL si* of nerve cell*, 
satellitosis, astrocvto*is and the presence of ameboid glia cells Under 
this heading would also come a verv moderate amount of perivascular 
infiltration which indicates general intoxication 
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The perivascular mfiltiation of the acute attack is not moie maikecl 
than that found m the interval cases This might he used as a fuithei 
argument against an acute local infection of the nervous system dui mg 
the acute outbreak of the disease 

The chronic changes include fatty and fibrinoid degenerations, clnonic 
ISTissl changes of the nerve cells, increase of glia fibers, regressive changes 
of the glia cells, permanent destruction of nerve fibers and a marked 
increase of amyloid bodies Chrome vascular changes were found only 
m cases of chronic alcoholism and senility 

In addition to these changes, especial emphasis should be laid on the 
constant presence m all cases examined where death had ensued dui mg 
or soon after an acute attack of pellagra, of the reaction known as central 
neuritis Furthermore, this type of change was found to have almost 
entirely disappeared in two patients dying eighteen months after an 
attack, while still definitely present, though m mild degree, m a third 
patient dying thiee and one-half months after such an attack 

It would therefore appear that the acute attack of pellagra is often, 
if not always, accompanied by some general intoxication of special kind 
which disappears m some, if not all, cases m which recovery occurs It 
must not be forgotten, however, that a similar reaction is found m dis- 
eases other than pellagra 

CONCLUSIONS 

1 The acute pellagra attack is accompanied by evidence of both acute 
and more chronic intoxication 

2 In common with other mtoxieative conditions, the acute pellagra 
attack gives rise to a "central neuritis” reaction 

3 tSTone of the changes are characteristic of this particular form of 
intoxication 

4 There is no evidence of a local infection of the nervous system 
with micro-organisms 

5 From our cases it is impossible to determine whether the moie 
chronic changes found m the absence of a recent pellagrous exacerbation 
belong to the pellagra picture 

6 There is no evidence to show that chronic vasculai changes are 
essential to the picture of pellagra 
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BLOOD-PRESSURE VARIATIONS AS INELEENCED BY RAPID 
CHANGES IN ALTITUDE A STUDY OP 100 
NORMAL MEN 


F E CLOUGH, MD 

LEAD, SOUTH DAKOTA 


In view of the fact that ooctois practicing at moderately high alti- 
tudes are being told repeatedly by their patients that they must leave the 
country on account of their health and the influence the altitude has on 
their condition, a series of readings was taken to see if a change of from 
1,400 to 1,700 feet would be of any importance on the blood-pressure 
The Homestake Mining Company, thiough whose courtesy this work 
was earned on, is a gold mining concern whose underground woi kings 
are naturally ventilated This is accomplished by having shafts m differ- 
ent gulches, widely separated from each other, the cunent of air m some 
of them being downwaid, m others upwaid The mine is quite free from 
gases because the cliaiacter of the lock does not generate any pe? se A 
small amount of caibon dioxid is present, due to the decomposition of 
dynamite, the burning of candles and acetylene lamps, and the exhala- 
tions of the miners At the surface the humidity is very slight, while m 
the mine the air is practically saturated 

The elevation of Lead, South Dakota (pronounced Leed) is 5,250 feet 
above sea level The shaft is 1,700 feet deep, having an altitude at its 
bottom of 3,550 feet 

The following table shows the barometric pressure at the diffeient 
locations cited m this article 

Altitude Appi oxi mate Mean 

Place Above the Sea Barometric Pressure 

Feet Inches Millimeters 

Sea level 0 30 760 

Lead, So Dakota *525 0 24 55 622 

1700 foot le\el 3550 26 20 663 


There is thus a diffeience of 1 65 inches barometnc pressuie between 
the top and the bottom of the mine 

The readings wei e taken on the miners of tins company as they were 
preparing to go down the shaft to voik and again as soon as the bottom 
was leached Again, the readings were taken at the bottom after a day s 
work and then at the top as soon as the ascent had been made To make 
the descent the men stood on a cage or elevator and went down 1,700 feet 
in appioximately two minutes Coming up, the 30111 ney was more rapid, 
only one minute being neees^aiy No attempt was made to pick out 
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special men, foi they weie taken just as they came They were of all 
ages and conditions and icpiesent eight nationalities — Americans, Eng- 
lish, Eiencli, Anstnans, Finns, Geimans, Italians and Scandinavians No 
attempt nas made to find out the history of previous diseases These 
men weie so healthy that .they weie able to cairy on manual labor for 
eight hours each daj, and none seemed to be worn out after the day’s 
woik 

All leadings were taken m the standing position, the only practical 
way under the circumstances The instrument used was a standard 
mercuiy sphygm omanometer with a 5-mch cuff placed above the elbow 

As stated above, the altitude at the top is 5,250 feet, at the bottom 
3,550 feet 

The 100 men weie divided as to ages as follows 


20 to 30 51 
31 to 40 31 
41 to 50 13 
51 to GO 5 


The aveiage age is 32 42 years 

The following readings weie taken (systolic) 


Descending 

Average at surface 146 45 mm 

Aveiage at bottom 141 07 mm 


Ascending 


Aveiage at bottom 
Aveiage at surface 


The average piessure, accoidmg to decades, was a follows 


Descending 


Average at suiface 
Aveiage at bottom 


Descending 


Aveiage at suiface 
Aveiage at bottom 


Descending 
Average at surface 
Average at bottom 

r — 

Descending 
Aveiage at surface 
Average at bottom 


- 20 to 30 yeais 

145 33 mm 
139 31 mm 

- 31 to 40 yeais 

144 2S mm 
138 96 mm 

- 41 to 50 years 


51 men , 

Ascending 
Aveiage at bottom 
Aveiage at surface 
31 men , 


Ascending 


Average at bottom 
Average at surface 
13 men 


Ascending 

150 30 mm Average at bottom 

150 77 mm Aaerage at suiface 

-51 to 60 years 5 men , 

Ascending 

157 60 mm Average at bottom 

146 40 mm Average at surface 


145 27 mm 
139 94 mm 


144 19 mm 
138 43 mm 


14125 mm 
137 35 mm 


156 61 mm 
159 23 mm 


147 60 mm 


Maximum Pressure by Decades 






Descending 

Ascending 





Top 

Bottom 

Bottom 

Top 

20 

to 

30 

years 

198 

204 

186 

194 

31 

to 

40 

years 

210 

202 

190 

172 

41 

to 

50 

years* 

222 

226 

208 

208 

51 

to 

60 

years 

210 

184 

170 

166 





Minimum Pressure by Decades 







Descending 

Ascending 





Top 

Bottom 

Bottom 

Top 

20 

to 

30 

years 

112 

105 

116 

116 

31 

to 

40 

yeais 

126 

116 

110 

102 

41 

to 

50 

years* 

222 

226 

208 

208 

51 

to 

60 

years 

136 

120 

116 

110 


■^immediately after this reading this man developed maiked signs of pulmon- 
ary tuberculosis and is now unable to uoik on that account 
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The Greatest Variation 



Descending 


Ascending 

Age 

Top Bottom 

Age 

Bottom Top 

35 

121 to 142 

40 

120 to 150 

37 

142 to 110 

26 

208 to 178 


Variations for 100 Men 


Descending Ascending 

Blood-pressure increased 27 Blood-pressuie increased 24 

Blood-pressure decreased 61 Blood-pressure decreased 65 

Blood-pressure, no change 13 Blood-pressure, no change 11 

Number of men whose blood-pressure increased both up and down 10 

Number of men whose blood-pressure decreased both up and down 43 

Number of men whose blood-pressure remained the same either way 3 

Number of men whose blood-pressure was variable 44 


It is of interest to compare our readings on the surface before 
descending with those of Thayer’s for normal cases 






Thayer’s Cases 

Our Cases 

Difference 

20 

to 

30 

years 

136 9 

145 33 

8 43 

30 

to 

40 

years 

140 8 

144 28 

3 48 

40 

to 

50 

years 

142 2 

150 30 

8 10 

50 

to 

60 

years 

154 8 

157 60 

2 80 


CONCLUSIONS 

The rapid change m altitude, eithei up or down, was lesponsible for a 
fall m blood-pressure of approximately 5 mm 

Lower readings were obtained from the decade from 30 to 40 than 
from 20 to 30 

It was impossible to forecast by a man’s build or any other factor 
what influence the ride would have on his blood-pressure 

It was demonstrated that after a day’s work 1,700 feet below the 
suiface the average blood-pressure was about the same as on the surface 
before starting to work 

It was demonstrated that abnoimally high blood-pressure was not a 
contra-indication to hard work under ground 

Admitting that the standing position is responsible for an increase of 
from 4 to 8 mm , these readings show that there is little difference 
between sea level readings (Thayer’s) and those taken a mile above 
the sea 

As factors influencing some of these higher readings, there must be 
taken into account the facts that the readings weie taken in the standing 
position, that the men were, for the most part, heavy users of tobacco, tea 
and coffee, and moderate users of alcoholic beverages Only one or two 
men seemed to be nervous at the time of the examinations 



SUPERPERMEABILITY IK NEPHRITIS * 

WALTER A BAETJER, MD 

BALTIMORE 

Iii a series of studies of renal function m the vanous clinical types 
of nephutis undeitaken this year, I have been lmpiessed by a striking 
peculianty m the behavioi to the functional tests of four cases, 1 all of 
which, clinically and from the urine examination, apparently belong to 
one group The one feature characteristic to all has been a supranoimal 
excietion of the substances employed m the functional tests m the 
presence of undoubted and severe renal disturbance 

In this connection it is interesting to note the recent aiticle by Pepper 
and Austin, 2 m which these authors descube a case apparently of the 
same character as those here reported The case cited was undoubtedly 
an instance of paienehymatous nephritis m which the phthalem test on 
one occasion showed an excretion of 71 per cent for two hours, and two 
months later, 82 per cent for the same time There was, however, 
evidence of definite impairment of the chlond elimination which has 
also been true m our series 

In our observations we have also studied the fluid balance, the elimin- 
ation of lactose and potassium lodid (as descubed by Schlayei 3 ) and the 
percentage of rest nitrogen m the blood-seium The general response 
of these patients to all of the tests was essentially the same, and indicated 
m each instance, a condition of increased, rather than diminished per- 
meability of the kidney, except as to the elimination of sodium chlond 
In spite of this apparently noimal function there were other evidences 
of a severe grade of renal injury of the paienehymatous type 

It is unnecessary at this time to describe m detail the methods used 
m carrying out these tests, as they were m general similar to those 
described by Rowntree and Eitz 4 m their recent paper Briefly, they 
were performed as follows 

Phthalem Test Aceoidmg to the mtiamuscular technic of the original 
authors 0 

Lactose Test 2 5 gins of lactose were dissolved m 25 c c of distilled water, 
pasteurized for foui hours on four successive days and then injected intravenously 


’From the Chemical Division of the Medical Clinic 
’Submitted for publication April 29, 1913 

1 These cases form a part of the whole group which will be reported m detail 
later 

2 Pepper and Austin Am Joui Med Sc , February, 1913, p 254 

3 Schlayer Deutsche Arch f klm Med , Dec 28, 1910, ci 

4 Rowntree and Fitz The Archives Int Med , 1913, n, 258 

5 Rowntree and Geraghty The Archives Int Med , 1912, xix, 284 
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The excretion of this substance vas tested qualitatively with Ny lander’s solution 
and also measured quantitatively by the polanscope The normal time for 
excretion is from four to five liouis (Sclilayer) 

Potassium Iodid Test One half gram -was given by mouth, and the urine 
tested by Sandow’s method The completion of excietion v ltlnn sixty hours is 
legarded as normal (Schlayer) 

Rest Nitrogen Test After precipitation of the piotems by alcohol, as described 
by Widal, the nitrogen in the filtiate v as estimated by the Kjehldalil process 
Noimal serum so treated contains 4 to G gm pei liter 

A short history of the in dm dual eases might be of advantage befoie 
considering them m detail with legard to then behavior toward the 
functional tests 


Case 1 — Clinical Diagnosis Chronic Nephritis 

A boy of 15 years complained of swelling of the face and legs There was a 
past history of scarlet fevei at the age of 2 yeais and some increased frequency 
of micturition m the past year 

His present trouble began one y'ear before admission to the hospital with 
spelling of las face and legs which disappeared during the summer months and 
reappeared again in October, 1912 

Physical examination shoved some puffiness of the eyelids and moderate edema 
of the ankles and feet Otheivise the examination, including the eye grounds, 
Wassermann and tuberculin reactions was entirely negative 

There was a moderate anemia with 4,000,000 R B C and 50 per cent Hbg 
(Sahli) 

The blood-pressure was 150 mm (Tycos) on admission, but fell rapidly to 130 
the urine, during tlnee weeks obseivation, shoved constantly 7 to 12 grams 
of albumin per liter, vitli a moderate number of hy'aline and granular casts, 
specific gravity' 1013 to 1 023, reaction acid 
There vas no fever 

Functional Renal Tests Phthalein vas excieted to the extent of 75 pei cent 
after one hour and 85 per cent after two houis 

Lactose vas detected only m specimens for the first two houis 
Potassium iodid vas still being excreted aftei seventy’-two hours 
The lest nitrogen of the serum vas 33 gm per liter 

The fluid balance was noimal on an intake vaiymg from 600 c c to 1 500 cc 
in tventy foui liouis 

Sodium Chlorid On an excess intake of 7 gm he excreted but 2 gm extra 


m the urine and gained 1 y> pounds in weight m tventy four hours 
Case 2 — Clinical Diagnosis Chronic Nephritis 

This patient vas a man of 35 years, complaining of swelling of the feet ant 
ankles He had had the usual infections of childhood, including scarlet fever a 
the age of 11 years, but without any' history of sequelae For the past year lie 
had noticed some inci eased frequency of urination 

The onset of Ins present symptoms occurred three weeks before his admission 
to the hospital villi niusea and vomiting, marked dyspnea on exertion and edema 
of the feet, vluch had been increasing up to the time he applied for treatmen 
The physical examination shoved some edema of the face and rather mar e 
swelling of the ankles and feet His heart was of normal size and the liver no 
enlarged, m slioit, there vas no evidence of broken compensation The eye 
grounds Wassermann and tubeiculm reactions were negative 

There vas a moderate grade of anemia with 3,800,000 red blood cells and 
GO per cent Hgb (Salih) 

The blood-pi ensure vas 190 mm (Tycos) on admission, but fell rapidly to 140 
Cystoscopic examination vas negative, phthalein appeared m seven minutes 
on both sides and the amount of urine vas the same from each kidney, thus 
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excluding a unilateral lesion, possibly of a tubeiculous natuie, as was at first 
suspected The ui me dui mg a pei lod of two months showed 2 to 4 gm of albumin 
pei htei, with hyaline and gianulai casts, and occasionally a few red blood-cells 
The leaction was acid, and the specific giavity 1 010 to 1 015 

Theie was a peisistent fevei vaiymg between 99 and 101 F foi the first two 
weeks, after this the tempeiature lemamed noimal until his dischaige from the 
ward 

Functional Renal Tests Plithalem was eliminated to the extent of 45 per 
cent m each of the fiist two liouis, making a two-lioui total of 90 per cent 

Lactose was detected m the mine for six liouis, which is generally given as 
the upper noimal limit of time 

Potassium”iodid was excieted foi sixty-eight liouis 
The l est nitrogen of the sei urn w as 4 gm per htei 

The fluid balance was noimal on an intake from 1,000 to 1,600 cc per day 
Sodium Clilorid On an excess ingestion of 7 gm only 4 gm extra were 
excreted, but tlieie was no demonsti able gam in weight 

Case 3 — Clinical Diagnosis Bilateral pleurisy with effusion, acute artlmtis, 
clnonie nephritis 

The patient was a colored man, aged 22, who came to the hospital complaining 
of a cough, pam in the side, and swelling of the feet His pievious health had 
always been pei feet until the onset of Ins piesent trouble, which began thiee weeks 
before with the symptoms enumerated above 

The physical examination revealed the presence of fluid m both pleural sacs, 
from which the pneumococcus was gi own m pure culture The lieait rvas normal 
and the blood-pressure 115 mm (Tyeos) There w r as edema of both feet, moie 
on the left, due to a coexisting acute artlmtis of the left ankle 

The blood count showed 3 000,000 led blood-cells and 53 pei cent Hgb 
(Sahh) 

The tempeiatuie w'as megularly elevated, varying between 100 and 104 F 
Examination of the urine showed the constant presence of albumin, persist- 
ing until the patient w T as discharged, two w'eeks aftei the fevei had subsided 
The amount, however, w r as not large as m the othei cases The specific gravity 
averaged 1 015 and there W'eie a few casts present 

Functional Renal Tests The plithalem test revealed an excretion of 72 per 
cent for the first hour and 83 pei cent for turn hours 
Lactose w r as excreted over a period of foui hours 

The potassium lodid test was not done as the patient w r as leceivmg this drug 
medicinally 

The rest nitiogen was 18 pei liter 

The fluid balance was good on an intake between 1,000 cc and 4,000 cc 
Sodium Chlorid On an excess intake of 7 gm , 3 4 gm extra w r ere excreted 
m the urine and the patient gamed 2Vi pounds m twenty-four hours 
Case 4 — Clinical Diagnosis Chronic parenchymatous nephritis 
The patient, a girl aged 20, complained of swelling of the feet Her health had 
always been excellent until the onset of her present symptoms, which followed 
an attack of so called “grip,” eight months previously, after which she first 
noticed the edema The persistence of this symptom w r as her only complaint and 
w r as likewise the only striking feature revealed by examination Her circulatory 
system and blood-pressure were noimal There was no fevei 

The urine, over a prolonged penod, contained from 7 to 10 gm of albumin 
per liter, the sediment showed a few epithelial casts Specific gravity, 1010 to 
1 020 , l eaction faintly acid 

Functional Renal Tests The plithalem test revealed an excretion of 42 per 
cent for the first hour and 69 per cent for two hours The test, repeated two 
months later, showed 57 per cent for the fiist hour and again 69 per cent for 
two hours 
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Lactose was demonstrable foi but one hour Repeated one week later, it was 
present for two hours, and again, two months later, it w as positive for four hours 
At the time of the last test the patient was definitely vorse, showing a marked 
salt retention, with a steadily increasing edema 

Potassium lodid was excreted for forty-seven hours 
Ihe rest nitrogen was 16 gm per liter 

The fluid balance, at the time these studies were made, was noimal on an 
intake from 1,000 c c to 1,800 c c per day 

Sodium Chlond On an excess intake of 10 gm the excretion increased but 
3 5 gm , and the patient gained 2 pounds m weight 

The brief outline of these cases given above will suffice to show then 
striking similarity, both m the clinical picture presented and m the 
geneial cliaractei of the urine Tui therm ore, their behavior toward the 
various functional tests, particularly m the excietion of lactose and 
phthalem, was much the same In all there was a remarkably good 
excretion of these substances m the piesence of strong evidence of 
definite and possibly extensive renal changes 

Their similarity is furthei manifest m the uniform tendency towaid 
poor elimination of sodium chlond — a featuie, also, of the case described 
by Pepper and Austin 2 

While one would expect to find spoiadic cases showing an anomalous 
excretion of any drug, the oceuirence of foui such examples m a com- 
paratively short period of time (less than six months) would make one 
wonder whether this condition of such unusual permeability of the lenal 
filter were present m a definite type of the disease, or whether it occuired 
at some stage m the various forms of nephritis A thud possibility, of 
course, would be that these cases offer only another example of the well- 
known hospital experience, that odd cases have a decided tendency to 
come m groups 

In considering the question of hypeipeimeability, it must be recalled, 
of couise, that many observeis have called attention to the fact that m 
chronic parenchymatous nephutis the functional tests failed to give an 
adequate idea of the severity of the lenal lesion Baid,° and later Bard 
and Bonnet , 1 showed that the rapidity of elimination of methylene blue 
might be normal, or even exaggerated Bernard 8 and Castaigne 9 aho 
support this view, the former concluding that m the earlier stages of 
chronic parenchymatous nephutis, “dominated by the presence of edema 
and albuminuria, the renal permeability is normal, or even increased 
“Later, after the disease has lasted for some time, the permeability 
becomes diminished ’ Dreyfus , 10 woiking with rosamhn, found that 
this dye behaved m a similar manner with regard to the rapidity of 

C Bard Gaz hebd de xnfid , Pans, 1897, 11 , 494 

7 13ard and Bonnett Arch g€n de m€d , Paris, 1898, pp 129, 283, 4 
S Bernard These de Paris, 1900, pp 104-147 
9 Castaigne These de Paris, 1900 
10 Drejfus These de Ljon, 1898 
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elimination, though the quantity secieted was, m his cases, less than 
noimal In studying the elimination of phthalem m these eases, Rown- 
tree and Geraghty 11 ’ 5 found no examples of any apparent hyperpeimea- 
bility for this drug, although they were aware that it did exist for 
methylene blue and rosanilm Sellards, 12 however, cites one case of 
paieneliymatous nephutis m which the phthalem output was 79 per cent 
for two hours 

A glance at the accompanying table will suffice to show that the 
phthalem elimination was well above normal m three out of the four 


Table Showing Water Intake and Output and the Excbetion op Various Substances 

Author’ s Cases 



NaCI 
added 
to diet, 
Gin 

Water 

NaCI 

Grn 

Lactose 

KI 

Phthalem, Per cent 

Intake 

Output 

1st hr 

2d hr 

Total 

Case 1 

7 

*780 

525 

27 

2 hrs 

72 hrs 

75 

10 

85 



*600 

890 

46 


+ 




Case 2 

7 

1375 

825 

43 

6 hrs 

68 hrs 

45 

45 

90 



2420 

1250 

81 






Case 3 

7 


1000 

6 

4 hrs 

Not 

72 

11 

83 




650 

94 


given 




Case 4 

7 

1300 

1250 

r 

24 

1 hr 

47 hrs 

42 

27 

69 






( 1 week 










latei) . 










2 his 







1450 

140Q 

6 

( 2 wks 


(2 mos 








later ) 


later) 








4 hrs 


57 

12 

69 


*Note — The upper figures m each case represent the aveiage watei intake and excreti 
the NaCI excretion for the several days preceding the NaCI test The lower figures are 
day on which the excess NaCI was given 


cases, and, m the fourth, was certainly well within the normal limits 
Two of them showed a striking excretion of 72 per cent and 75 per cent , 
respectively, m one hour — an excretion 20 per cent higher than was 
found m any of the cases of parenchymatous nephritis reported, 5 and 
10 per cent higher than occurred m the normal cases, 5 m which the drug 

11 Rowntree and Geraghty Jour Pharm and Exper Therap , 1910, vi, 
No 4, 606-607 

12 Sellards Johns Hopkins Hosp Bull , October, 1912, p 29S 
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was injected mtianmseulaily, as it was m these patients The anemia 
present could hardly have had any influence, since it has been shown 
that m model ate grades there is no variation m the excretion of 
phthalem, whereas sex ere anemia tends to decrease the output 5 

Eowntree and Geiaglity, whose experience with the use of this test 
is far larger than my own, are equally at a loss to explain the supra- 
normal excretion present m these cases, and it was at their suggestion 
that subcutaneous injections of tetra-chlor-phthalem (which is known 
not to be excreted by the noimal kidney) was tried with the hope of 
demonstrating an increased permeability, if such w ere present The 
test was unsuccessful, though it should be added that it was given m 
doses much smaller than what is now known to be the maximal amount 
toleiated by noimal individuals without excretion in the urine 

The lactose test showed the same tendency toward an increased 
rapidity of exeieticn that was observed m the elimination of phthalem 
The usual time for excretion, accoidmg to Sublayer, 3 is foui to five 
hours, and occasionally six hours m rare cases In three injections (see 
table) the time of exeietion was well below noimal, m two more it was 
just foui hours, which is the lower limit of noimal, while m only one 
was six hours required This might possibly be interpreted as a slight 
delay The percentage of excretion has been purposely not stated for the 
following reasons In two of the early cases the total output was not 
determined, since Sehlayer had emphasized chiefly the duration of excie- 
tion as giving the most valuable information IVe have evidence, how- 
ever (which will be bi ought out m a subsequent paper), which makes it 
seem piobable that determinations of the total output aie most essential 
m drawing pioper conclusions from the test Also theie was some fever 
m two of the patients, which seems to influence the exeietion, although 
Sehlayer lias apparently not found this to be the case It might be 
mentioned, however, that m one test, m which the duration of excretion 
was only two hours, the output was 76 per cent, which, m compaiison 
with the results m healthy people, is a good normal figure 

The results with the lodid test are most interesting In two out of 
the three cases m which it was given, theie was a definite delay m 
excretion, which, m connection with the impaired elimination of sodium 
chlorid, would seem to support Schlayer’s view that the excretion of 
these two substances is tne best index of tubulai function On the other 
hand, the excretion m the third case was complete at a time w r ell inside 
the normal limit, while the NaCl elimination was similar to that m the 
other cases It so happen^ that the subsequent course of this patient has 
indicated that the tubular destruction here was =everei than m either of 
the others 
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While it is tine that the atjqncal i espouse of a single isolated case is 
m no way conclusive, it gives definite evidence that the test is not 
infallible and adds suppoit to ihe doubts as to its value, which weie 
expressed by Bowntiee and Fitz, 4 and m which, fiom experience with 
other cases (to be leported latei), I quite concui A possible explanation 
of this appaient anomaly is that m the veiy seveie foims of tubulai 
desti notion the lodid tends to be suppiessed lather than delayed 

The fluid balance and geneial i espouse to mci eased ISTaCl ingestion 
may be appi eciated fiom a glance at the accompanying table, and requne 
but a woid of explanation Both factors weie estimated daily until an 
appioxnnate constant had been leached, and sufficient hTaCl was given 
to avoid tissue starvation and possible chlorid letention from this cause 
The tendency towaid impaned salt elimination has been common to all 
cases and it has been the one test m these cases which gave evidence of 
functional lenal impaiiment Tins only serves to emphasize again the 
impoitance of deteimmmg the ISTaCl toleiance m edematous cases, a 
point winch has been emphasized chiefly by Widal 

The puneipal featuies of lesemblance m these cases, then, have 
been two 

1 Impaned elimination of ISTaCl 

2 Supianoimal excretion of lactose and phthalem 

While it is tiue that these cases do not m any sense establish the 
fact that mci eased renal permeability can exist — and this explanation 
should be taken only as a suggestion — the obsenations at least indicate 
that theie may exist either a definite type of neplmtis m which the 
kidney is supei-peimeable to some of the substances used for the func- 
tional tests, as well as to seium albumin, oi that tins may be merely a 
tiansitoiy stage m ceitam types of neplmtis 

This report is not, m any sense, to be intei pi eted as a criticism of 
functional kidney tests, but ratliei to emphasize the fact, already pointed 
out with legaicl to methylene blue by Baid, Bemaid and others, that 
there aie some cases at least, and possibly moie than we have hitheito 
believed, m which ceitain functional tests may give entnely noimal 
lesults m the piesence of outspoken and senous lenal changes It has, 
of course, long been known that theie may exist definite anatomical 
lesions of the kidney without evidences of impaned function The cases 
here descubed, however, would indicate that theie may be both definite 
anatomical lesions, as indicated by the urinary examination, as well as 
definite functional impairment, as shown by the deficient ISTaCl elimina- 
tion, without disturbance m the excietion of othei substances used m 
functional tests Those who have woiked most m this field have all 
encountered cases m which these tests repealed an elimination fai bettei 
than the clinical examination would have led one to suspect In these 
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instances it lias usually been assumed that the high excretion following 
the functional tests justified a good prognosis, which may, of course, he 
true also in this senes for none of them has yet come to autopsy It is 
also a well-recognized fact, clinically, that one occasionally sees a case 
with marked evidence of renal injury which goes on to appaiently com- 
plete recovery This question, howeier, only the future can decide It 
is woith mentioning that two of these patients, who have been followed 
since, have shown no evidence, as yet, of any definite improvement m a 
period of three to four months 

In conclusion, it might he well to emphasize again some of the 
features which have been most striking m the study of these cases 

1 That there exist cases of well-marked nephritis with evidence of 
impairment of renal function m which certain tests reveal an eliminative 
power normal or even above normal 

2 That these cases may he more common than we have hitherto 
supposed, judging from an experience of four such examples m several 
months 

3 That the evidence from these suggests that there may exist m some 
types of nephritis a stage m which the kidney is hyperpermeable, at least 
to some substances used for functional tests, with an elective imper- 
meability for chlorids as suggested by Widal 

4 That it is necessary to study renal function from the standpoint of 
a considerable series of functional tests rather than to draw conclusions 
from the excretion of any one drug 

It is a pleasure to thank Drs Thayer and Barker for the interest taken in 
these cases and for allowing these studies to be made on the patients under their 
‘Mrge 

Johns Hopkins Hospital 



ACUTE UNILATERAL NEPHRITIS, WITH REPORT 

OE A CASE ’ 


DAVID RIESMAN, MD, and GEORGE P MuLLER, MD 

Piril ADELPIIIA 

Synopsis of Antliois ’ Case — Woman, aged 22 yeais, seized with sudden pain 
in the left loin, ladiating foi n aid into the left hypochondi mm , ligiditv of 
lumbai muscles with tenderness in eostovei tebi al angle, fevei, lapid jiulse, 
leukocytosis, in unne albumin, lij aline and gianulai casts, led blood-cells and 
pus cells Patient model atelv septic, liepln eetomy , kidney the seat of dissemi- 
nated, suppuiative nephntis Patient made a good lecoveiy although some weeks 
latei it was necessaiy to lemove the submaxillaiy glind foi calculous inflam- 
mation 

Pathological and clinical studies hare caused the belief to pie vail that 
acute hematogenous inflammation of the kidney is always bilateial Tins 
is, howpvei, not the ease, but exceptions to the lule aie so lare and so 
little undeistood that lepoits of single instances aie not without value 
Acute umlateial inflammations diffei fiom the commonei types of acute 
nephntis m that they aie of an mteistitial chaiactei , lathei lnflanimatoiy 
than degeneiative, and with a strong tendency to the foimation of 
abscesses Acute bilateial mteistitial inflammation has long been known 
It v as found by Councilman 1 m scailet fevei, and has been seen in 
eiysipelas, osteomvelitis, endocaiditis, and pyemia The infection in 
these cases is conveyed to the kidney by the blood-stieam Suppuiative 
inflammation, pvelitis and pyelonephutis, is of couise common m associa- 
tion with stone and tubeiculosis If is usually consideied to be due to 
ascending inflammation, although this is by no means cleaily established 
In addition, tlieie is a gioup of boideilme cases, as, foi instance, the 
pyelitis and pyelonephutis of piegnancy and the pueipeiium, m which 
it is difficult to say how the inflammation leaches the kidney We aie 
inclined to belieie that even m these it is moie likelv to be hematogenous 
than an extension fiom below upward 

The jraiticulai type of umlateial neplmtis lo which we wish to rcfei 
m this communication is that which attacks a person apparently well, 
often without warning and with an unusually acute onset In some 
patients the piogiess of the disease may be so lapid that in a feiv liouis 
extieme piostiation is obseived, while m others the course may be pio- 
ti acted so that c eveial days elapse befoie maiked septic symptoms aie 
noted The patient complains of tense, thiobbmg pam m the loin, often 
ladiating into the antenoi aspect of the abdomen Theie is tenderness 

.Submitted foi publication Maicli 5 1013 

Read befoie the College of Physicians Philadelphia, Xov G, 1912 
1 Councilman Tians Assn Am Plivs , ISOS, \m 
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o\er tlio same aiea, but most maikecl at the costoveitebial angle, and this 
is accompanied hy rigidity of all the muscles of the loin and of the 
oblique muscles of the abdominal vail Tlieie is feter of van able degiee 
with a con espondmgly lapid pulse and a moderate leukocytosis The 
uime is latliei scanty in amount, of high color and tuibid m appeal ance 
It contains a eonsidei able amount of albumin, and the sediment consists 
laigelv of casts, led blood-corpuscles and pus cells Certain general 
manifestations mcli as headache nausea and vomiting, delirium and 
eten symptoms of uremia may appear and the patient looks and is 
e\ti emely toxic 

In 1895 Wen 2 and Woodwaid 3 each leported ca c es of nephrectomy 
foi unilateial suppurative nephntis, but the present suigical treatment of 
this affection is mostly due to the able teachings of Brewer, 4 5 who has pei- 
sistently called attention to the subject, and m Ins latest conti lbution 
lepoits an expenence of fourteen cases of the acute type and about a 
dozen of the mild type Cobb 15 collected eight cases from the suigical 
v aids of the Massachusetts General Hospital, all of them operated on 
since 1902 There aie a few otliei instances lecorded m the liteiatuie, 
and the numbei i^ increasing so that v e shall soon become familial with 
the affection and appioaeli its diagnosis and treatment with moie cer- 
taintv and confidence 

CASE T1EP0BT 

The ca<=e that we have observed and of which we hate gnen an 
epitome at the beginning of this aiticle is as follows 

Ihstouj — XIis R A I\ , aged 22, had measles, mumps and scailet feiei when 
a child in 1900 she had a severe attack of typhoid fevei complicated v ltli 
licmoi lliages hut convalescence was not otliei vise intenuptecl she vas quite 
veil dining the summei of 1910 Latei she vas mained During the eaily pait 
of Decembei, 1910, she suffeied foi tvo weeks fiom geneial aches and pains 
supposedlv influen/al in origin, aftei vlucli a vague pam peisisted m the left 
loin and she heiself belieied that some svellmg was piesent, but liei jihjsician 
did not notice am thing Decembei 23, she lode fouiteen miles into the countiy 
in an iiitomobile the dav being exceedingly cold At 3 a m on Decembei 24 
she awakened nauseated and had an attack of lonnting, some hours latei 
model itc pun in the left loin set in, and tlieie vas tenderness and ngiditi, 
the teinj eiatuie lose to 102 F and the pulse to 120 the leukoettes on 
tins dii veie counted and found to be 7 000, but tvo dais latei tliei had 
l lsen to 11 000 Daili examinations of the mine veie made and shoved it to 
be highli coloied md +o contain albumin and casts but no pus cells The 
att ick gi idu till subsided the pain and tenderness disappeaied, but some liguliti 
peisisted Decembei 30 she insisted on getting out of bed, follow ing which act 
the simptoms retimed md about this time it vas noticed that pus vas piesent 
in the mine e saw hei fiist on Dec 31 1910 at liei home in the countn 
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Examination — We found a -well nomislied, lathei pale young noman, com- 
plaining of pain in tlie left loin and left livpochondi 111 m, ladiatmg at times 
down to the groin and sometimes to tlie hack Tenderness to piessuie existed 
at the costovertebral angle and extended foiwaid to the ciest of the ilium Tlieie 
was distinct ugidity of the muscles in the loin and a sense of fulness to palpa- 
tion although no tumoi could he detected Tlieie was fevei and a lapid pulse 
and a model ate leukocytosis, and mine analysis showed albumin, with hyaline 
and gianulai casts, eiytlnoeytes and pus cells m the sediment The patient 
-was not paiticulaily piostrated, although she looked somewhat septic We made 
a positive diagnosis of unilateial infection of the kidney As she was a woman 
with abundant vitality and eneigy, we believed it would be safe to temponze a 
few days and await developments Aeeoidmgly, hot fomentations were oidered 
foi the kidney region, and hexametliylenamin (urotiopm) and an abundance of 
watei, liquid diet and puigation were piescnbed Duimg the next ten days 
the patient vaned in liei condition, sometimes being on the veige of marked 
lmpi o\ ement, again having a 1 elapse to the condition just mentioned 
1‘inally, as the tempeiatuie continued aiound 102 F, and as hei geneial appear- 
ance indicated an mcieasingly septic state, and as some deluium was manifested, 
an opeiation w as deemed advisable The symptoms wei e always unilateial and 
always located m the legion of the left kidney She was admitted to St Agnes’ 
Hospital Januaiy 11, 1911 During the few liouis befoie operation the tempeia 
tuie langed fiom 100 to 102 F , the pulse fioni S4 to 100 

Opeiation — The opeiation was peiformed Jan 11, 1911, undei ethei anes 
tliesia The patient w as placed m the usual lateral position ovei a kidney pillow 
and a cuived incision w as made dounwaid and mu aid fiom neai the costoveite 
bial angle On opening the deep fascia, the peimephnc fat was found mfiltiated 
and inflamed, bleeding with gieat leadmess On furthei exploration of the fat 
m the legion of the kidney, an abscess uas encountei ed containing 3 oi 4 
ounces of thick pus The kidney uas exposed and dehveied with some difficulty 
and uas found to be the seat of a diffuse, suppuiative piocess Accoidmglv, 
nephiectomv uas peifoimed and the wound packed with gauze and diamed uitli 
a lubber tube Paitial closuie of the wound uas eflected 

Examination of the specimen uas made by Di Allei G Ellis, Di John 
fepeese and oui selves, and the examination of the pus by Di Randle C Rosen- 
beigei The lepoits aie as follows 

Uaci oscopic Descuption — -The kidney uas about one and one half times the 
noimal si/e, intensely led and congested, with purple blotches of liemonhage 
beneath the capsule Neai the lower pole a ragged opening existed with 
endcnce of neciosis at its edges In thiee otliei places lents were found, evi 
denth caused bv tiauma duiing operation It was afteiwaid discovered that 
it the places hemoiihagic infaiction existed On section of the kidney the entire 
oigan uas seen to be mtenseh congested, especially the coitical poition, and 
to be the seat of numeious nnliaii abscesses In the lowei half, a laige u edge- 
shaped lellou aiea communicated uitli the opening befoie mentioned and which 
had piobabh been made at the opeiation The apex of the uedge lepiesented 
the apex of a pi 1 amid One otliei such aiea, but somewhat smallei in size, was 
present At the uppei pole a lound, oi ange colored mass about 4 mm in 
di unetei w is discoieied it uas thought to be tubeiculosis but uas found on 
in i ci o-copic examination io be a hi pei iiepln oma 

Microscopic Dcsci iption — Sections show a hemoiihagic fibiiiiocellulai exudate 
on the surface of the lenal capsule At seieial points a laige amount of 
liemonhage is piesent and exists as an mfaict The capsulai lessels aie dilated 
and a difluse leukocitic mfiltiation begins beneath the capsule and extends 
dounuud thiough the eoitex and medulla Mam of the leukoci tes aie of the 
pol\ nucleai foi m I lie lenal epithelium shows degeneratn e changes and cloudi 
swelling with numeious c ist= The stioma m some areas is decidedly fibious 
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Theie was no evidence of tubeiculosis in any of the sections examined by 
Di Speese, Di Ellis 01 om selves In the specimen submitted to Di Ellis a small 
liypei nepln oma was discoveied, with extensive connective tissue foimation 

Postoperative History — The patient leacted fiom the shock in a few houis, 
•’fteiwaid the tempeiatuie giadually lose until on the fouitli day it was 103 F , 
then it slowly declined to the noimal, which was leaclied on the sixth day aftei 
opeiation The pulse lemained high, lapul and weak foi seveial days The 
patient commenced to pass unne shoitly aftei the opeiation and dui mg the 
fiist twenty foui houis 17 ounces weie excieted Dining the second twenty foui 
liouis 41 ounces and dunng the thud 57 ounces iieie voided The amount of 
mine dunng the fiist ten days aftei opeiation vaned fiom 33 to 57 ounces, and 
aveiaged 44 ounces, and dunng the last ten da^s of hei stay in the hospital, 
it vaned fiom 31 to 4G ounces, and aveiaged 30 ounces At fiist theie was 
abundant albumin with casts, pus cells and eiytlnocytes, but the sediment 
giadually lessened and foi the last iieek examination ivas negative foi albumin, 
casts and pus The last unn.ilysis showed a specific giavity of 1 010 The 
gau/e packing ivas l emoved fiom the Avound dunng the second Aveek, but con- 



Fig 2 — Section thiough capsule and coitex, shoAimig gieat thickening of the 
foimei, Avith fibroid change, hemonhage, and lound cell infiltiation, pionounced 
cellulai infiltiation of supeificial layeis of coitex 

sideiable Avound tiouble Ai r as expenenced which pi oti acted conA r alescence A 
bactenologic examination of the pus m the kidney i emoved at opeiation, and 
latei of the AAmund discharge, leimaled the Micrococcus pyogenes aureus and 
fiom the cultuie a vaccine ivas made bv Di Kosenbei gei and administered seveial 
times to the patient The examination of the blood sliOAAed hemoglobin 38 per 
cent on the day aftei opeiation and fiom this it hardly Availed until Febiuaiy 14, 
Allien it began to use steadily The fiist count of led blood cells made foui days 
aftei opeiation revealed 3,200,000 and the count ruined but little fiom this 
until Februaiy 14, -when it shoived 3,940,000, after Avhicli continued improve- 
ment took place The leukocytes A'aned, depending on the condition of the Avound, 
but aA r eiaged about 13,000 dunng her staj^ m the hospital 
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The patient was discliaiged Febiuaiy 25, 1911, foity foui days aftei adnus 
sion, with a small sinus lapully closing Hei geneial health was excellent, 
although some weakness peisisted The sinus healed entnely m one week About 
six weeks later, the patient complained of swelling, pain and tenderness beneath 
the light low'd j aw' and noticed some salivation with a foul odoi and salty taste 
m the mouth An examination levealed a swelling of the light submaxillaiy 
sahvaiy gland, densely liaid m cliaiactei, not acutely mflammatoiy but some 
what tender to piessuie Piessuie caused pus to exude fiom the duct of Wliaiton 
into the mouth A mdiogiapli made by Di Pancoast showed the piesence of a 
calculus 

Undei ethei anesthesia a 2 inch incision was made beneath the jaw 7 and the 
submixillaiy salivaiy gland lemoved It contained an oval calculus about 12 mm 
m length Since this time, the patient has been peifectly well, gaining m weight 
and stiength and fiequent uiinalyses have sliowai nothing abnoimal Latei she 
became piegnant, nothing unusual happened until Oetobei 27, when a imseai 
nage occuned The patient suffeied no ill effects fiom this, liowevei On 
Novembei 1, she was passing 40 ounces of unne m the twenty-foui liouis, with 
a specific giavity of 1015 and showing nothing abnoimal to chemical oi lmcio 
scopic examination 

ETIOLOGY 

The kidney m umlateial nephntis may become infected m one of 
tlnee ways 

1 By an Ascending oi Uiogenous Infection — This is much less 
common than avas once held, and Sampson’s 0 well-known papei, pub- 
111 1903, states ihe case coneetly in the following words 

Ilie lefiux of mine fiom the bladdei into the uieteis mav be consideied an 
etiologic factoi m the causation and maintenance of lenal infection onlj when 
the intiaiesical poition of the uietei is diseased, thus impaiiing its function, oi 
when some uieteial abnoimalitj exists 

It is thus seen that ihe kidney is piotected fiom ascending invasion 
b) the dowmvaid ciment oi mine and the physical condition of the 
healthy uieteial ouficc Of coume, infection maj he tiansmitted to the 
peliis of the kidney by an unclean uieteial cathenzation 

2 Lymphatic Infection — A local spioad of infection fiom the intes- 
tinal tiact oi fiom the lowm uiinaiy oigans by way of the lymphatics is 
not common, but does sometimes occui Some lnteiestmg expei imental 
wo'k has been published lecently by Ivumta, 7 showing the way m wdnch 
the luuphatics of the uietei communicate with those of the perinephric 
tissue and kidnev, and bv Fiaiike, s wdio found that the ascending colon 
and cecum weie connected by a chain of lymphatics with the light kidney 
but wa« unable to find such connection m the case of the left kidney 

o Hematogenous Infection — This is the common mode It is w T ell 
known that nncio-oiganisms fiequently pass thiougli the kidney without 
inyunng it in so fai as we know The urine swmms with typhoid bacilli 
in mam cases of typhoid feiei and one fiequently obsenes a colon bacil- 

G Sampson Bull Johns Hopkins IIosp , 1903 xn, 334 

7 Quoted In Stew ait Unn Penna Med Bull , 1910, xxm, 233 

S Fi anke Hitt a d Gieiwgeb d Med u Clm 1911, xxn, G23 
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lima , although m neitliei ease aie symptoms of kidney infection neces- 
sanly present Tlieie has been some experimental woik published indi- 
cating that the passage of mici o-oigamsms thiough the kidney is always 
attended by d'amage histologically, although clinically no tiouble may 
be appieciable It has also long been known that by expenmentolly 
tying the uietei, biuising the kidney and injecting cultuies of staph vlo- 
coooi into the veins, t]ie kidneys will become infected These infections 
point the v ay to an understanding of the woi kings of well-known clinical 
conditions as faetois m the etiology of pyelonephntis Most cases of 
pyeloneplmtis aie piobably unilateial m the begmnmg Theoietically, 
a souice of infection must exist somewheie m the bod} r , although it 



Fig 3 — Section tliiougli coitical poition of kidnej 1 - showing intense intei - 
tuhnlai and peiiglomeiulai lound cell mfiltiation 

is not always easy to asceitam the souice In view of the fact that the 
colon bacillus is the most fiequent cause of urinaiy infections, we may 
leasonably mfei that intestinal stasis, intestinal ulceiation and seveie 
and long-continued constipation act as piedisposmg faetois Pievious 
infections, such as fui uncle, tonsillitis, tooth abscesses 01 anj r foim of 
peupneial suppuiation may piedispose to pyeloneplintis The bladder, 
the piostate gland and the uteius and its appendages may also act as 
poitals of entiy, and ceitam geneial conditions of which tjqihoid fevei 
and influenza aie the most piomment examples may conti lbute to hema- 
togenous infection of the kidnev 
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In addition to tlie entrance of infection, tlieie must he some cause 
traumatic or othenvise, operating to lednce the resistance of the lenal 
tissue This, likewise, is not always easily detei mined Many of the 
cases leported as acute unilateial pyelonephntis with suppuiation have 
occuired suddenly m an apparently normal kidney of persons pieviously 
well, and the infecting agent was usually the colon bacillus 01 the Staphy- 
lococci aweus It may he that these oiganisms weie highly vnulent 01 
m excessive numbei, 01 it may be that some unrecognized abnoimahty 
oi the kidney was piesent A few years ago, Kidd 9 suggested that as the 
majority of cases occui in women and involve the light kidney, undue 
mobility of the oigan may be a predisposing factoi, and Cotton 10 lepoits 
two cases m which theie was a definite displacement of the infected 
fright) kidnej The nncio-oiganisms usually found in pyelonephntis aie 
the Bacillus coh communis Mici o coccus auieus, Sti eptococcus, and the 
typhoid bacillus The great majonty of cases have occuned m rr omen, 
and the only explanation would seem to be the moie fiequent displace- 
ment of the light kidney and the gieatei tendency to intestinal stasis 
m that sex 

Recently unilateial lenal liemonhage of apparently unknown ongm 
and sometimes called essential hematuna has been placed m the gioup 
xx Inch ne aie discussing and considered to be of bactenal ongin Thus, 
Gaudiana 11 concludes that ruth the exception of early tuberculosis, 
litlnasis, neoplasms toision of the pedicle 01 Blight’s disease, all cases 
described as hemonhagic nephralgia are cases of unilateial neplintis and 
aie the lesult of bacterial invasion of the kidney Acute hematogenous 
infection is also of interest m connection with the pyelitis of piegnaney, 
but any discussion of this disease tumid occupy moie space than the Innit 
of our paper peunits Louna , 12 m a lecent paper lias given some con- 
sideration to the sn^ect Bierrei’s 10 conclusions icgaidmg the etiology 
aie important and may be quoted 

Dm mg the progi ess of my infectious disease a cei tam nnmbei of micro 
oiganisms find then wav into the blood cunent, many of these oiganisms aie 
e\ci eted thiough tlie knlneis If then numbei is compaiatively small, 
if then Miulence is low and if the kidneys aie in a healthy condition 
the tiansit of these oiganisms thiough the lenal appaiatus gnes use to no 
demolish able lesion If, on the othei hand, the numbei of the oiganisms is laige 
if then Miulence is high oi if one 01 both kidneys aie diseased, lesions aie 
pioduced which ma\ at the onset cause an ovei whelming and fatal toxemia, or 
mar pioceed moie slowh to the dei elopment of any of the classical types of lenal 
infection oi suppuiation While the disease may be lnlateial, in a laige number 
of instances it is unilateial and its umliteial chaiactei is due to the fact that 
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the affected kidney lias lost to some extent its nonnal lesistance to infection, 
by leason of tiauma, abnonnal mobility, pievious disease, calculous nutation, 
anemia, passive hypeiemia, complete, incomplete 01 intei nnttent bydionephiosis 
The piesence in the body of a kidney damaged by tiauma 01 disease to such an 
extent as to lowei its noimal lesistance to infection is a distinct menace to 
the individual, in that it possesses a potential susceptibility toivaid even the 
mildest foims of blood infection AVlnle it is possible to pioduce lenal lesions 
in animals by means of the Bacillus colt, the Sti eptococcus pyogenes, the Staphylo- 
coccus pyogenes auieus, the Bacillus typhosus, the pneumococcus, and the pyocya- 
neus, in clinical cases only the fiist foui of these oigamsms have been isolated 

PATHOLOGY 

The macioseopie appeal anee of the kidney varies with the stage of 
advancement of the moibid pioeess At first the kidney is swollen, tense 



Fig 4 — Section thiougli coitical poition of kidney shoving model ate amount 
of cell mfiltiation, edema, degenei ative changes in glomeiuh and tubules 


and engoiged with blood, and distinct infarcts may be seen Latei, 
numerous yellow nodules appeal beneath the capsule sunounded by a 
zone of intense congestion On section, these nodules aie found to be the 
bases of wedge-shaped aieas of suppuiation m the cortex Long linear 
vellow stieaks may indicate suppuiation m the tubules The nncioscopic 
changes consist of a diffuse congestion and leukocytic infiltration with 
numeious foci of suppuiation, theie is often much hemoiihage beneath 
the capsule, and throughout the cortex tnangulai mfaicts, hemoiihage 
and suppuiation may be piesent Large bactenal masses looking like 
emboli aie often seen In the latei stages the foci of suppuiation coalesce 
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and gross abscesses may be foimed The Malpiglnan tufts are congested 
and usually sunounded by leukocytic mfiltiation The pelvis is congested 
and coveied v ith exudate 

SYMPTOMS 

The clinical picture of hematogenous pyelonephi ltis vanes eonsidei- 
ably with the virulence of the piocess Biewei describes thiee types 
1 Tlie seveie type, m which the local symptoms aie obscured bv an 
intense toxemia, and a fatal result occuis unless the infected kidney is 
lemoved 2 The mteimediaiy type, with seveie initial symptoms, but 
without giave toxemia Renal abscess, permeplintic abscess, pyeloneph- 
ntis or pyonepliiosis develops m neglected cases The symptoms may 
simulate appendicitis, cholecystitis, or abscess of the livei, and, if the 
lenal disturbance is not marked, may lesemble typhoid fever 01 pneu- 
monia 3 The mild type, with tenderness ovei the costoveitebial angle 
as the only symptom suggesting subacute appendicitis or cholecystitis 
Bienei belieres that this t} r pe accounts for ceitam megular periods of 
temperatuie occurring dui mg convalescence fiom some surgical condi- 
tions oi infectious diseases 4 To these we will add a fouith type, that m 
which the chief and peihaps the only symptom is hematuria We have 
lefened to the observations of Gaudiam and would also add those of 
Eslmei, 14 Billings, 35 Elliott, 10 and White 17 foi additional support of the 
view that some of the so-called “essential hematurias’ 1 aie due to bac- 
tenal invasion of the kidney 

The “serere” type of Biewei oi the fulminating type of otliei wnteis 
is of sudden onset m a peison apparently well Theie is severe abdom- 
inal pain, tenderness, ngidity, nausea and vomiting While the pain at 
times is characteristic of lenal disease, it geneially suggests some mtra- 
peutoneal process on the side affected, usually of the stomach, gall- 
bladder oi appendix A numbei of the cases lepoited m the hteiatme 
veie opeiated on for appendicitis, cholecystitis oi peifoiated duodenal 
ulcei befoie the tiue condition was recognized The temper atui e li^es 
sliaiph even as high as 106 E, and there may be a chill oi succession of 
chills Septic symptoms develop and sometimes death may ensue befoie 
am distmetire lenal or uiniaiy signs aie obseived As a mle, bower ei, 
an indication of the tiue condition of affair s is giren by the shifting of 
the pain to the flank and the finding of a point of moie oi less sereie 
tendeine«s at the costoveitebial angle It is iaie that the enlaigcd 
kidner can be palpated on mg to the ngidity present although some 
resistance may be felt by bimanual examination The rninaiy findings 

14 Eslmei Am Jour Med Sc,Apnl 1003 
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dmirg the eaily horns aie inconclusive and do not cl liter fiom those m 
any othei seveie septic infection, but latei the mine becomes scanty and 
contains albumin, casts, blood and pus cells and the pathogenic micro- 
oiganism m puie 01 mixed cultuie Theie is usually a high degiee of 
leukocytosis and headache, muscular twitchmgs, convulsions 01 clelmum 
may be piesent The fatal teimmation is due to a combination of sepsis 
and uienna 

The second type, the fonae aigue of Alban an, lesembles the foie- 
gomg except that the intense septic symptoms aie absent More time is 
gnen in which to make a diagnosis, and the costoveitebial tenderness and 
the unnaiy findings may be supplemented by uieteral cathetenzation 
The bladdei is seen to be intensely inflamed about the uieteial orifice, 



Fig 5 — Section tlnougli small white nodule in coite\ of kidney, showing 
cliaiactei of the so called liypeinephioma 

f lorn which pus may be seen exuding, and the lips of the onfiee aie 
edematous and pouting, and often uleeiated The cystoscopic examina- 
tion should not be undei taken dui mg the acute attack, unless nephiec- 
tonry is contemplated An x-iay examination should be made to detei- 
mme the piesence oi absence of calculus 

The mild type which JBiewei also teims “idiopathic pyelitis” lias but 
few symptoms except model ate pam (backache) and costoveitebial ten- 
derness A tiace of albumin and a few casts, blood-cells and pus cells 
will be found in the mine Some of these cases haie no doubt been 
operated on foi subacute appendicitis oi cholecystitis, on the othei hand 
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they may account foi “ceitam megulai penods of tempeiatuie occiuimg 
cluiing convalescence fiom some suigical condition 01 infectious disease” 
(Bieivet) The fouith type is ehaiaetenzed by peisistent hematuna, 
which cystoscopy sliovs to come from one kidnev, and the cause of which 
is levealed only at opeiation 

Treatment — The acute fulminating form should be opeiated on as 
soon as the diagnosis can he made with the intention of peifoiming 
neplnectomy, unless nephrotonn with drainage will suffice In 1911 , 
Biewer repoited that he had eneounteied fouiteen cases of the seieie 
type, two patients weie untreated, and m four nephrotomy and diamage 
was done, they all died Bight wei e tieated by eaily nephrectomy and 
all lecoveied The geneial statistics on the subject aie not yet susceptible 
of analysis It is quite tiue that the fulminating type sometimes subsides 
without opeiation, but just as m acute appendicitis, we nevei know which 
cases will iecoA r ei and which will not Of gieater impoitance is the ques- 
tion of whetliei to do a neplireetonry 01 a nephiotomy Brewei and Cobb 
liai e obtained splendid results fiom neplii eetomy, but theie is mucb to 
be said for the less ladical piocedure, chiefly because of the unceitamty as 
to the condition oi even the presence of the othei kidney, since theie is 
nuely time for a evstoscopic examination The objections that have been 
uiged against nephiotomy are the inability to chain the whole oigan by 
splitting it and the subsequent uselessness or even the menace of a kidney 
uddled with abscesses Cases aie on lecord m which the symptoms 
lectured aftei nephiotomy, necessitating a subsequent nephiectomy In 
the subacute types, more time is given for investigation of the otbci 
kidney and the diseased oigan can be moie successfully tieated In the 
case heiem lepoited Ave adopted a conseivative plan of treatment foi 
neaih tlnee Ateeks, and when foiced to operate Ave did a nephiectomj, 
because the fuable disoigamzed state of the kidnev foibade a neplnot- 
oniA Of eouice m the mild eases operation is not to be thought of, 
lest m bed, a milk diet, urinary antiseptics, puigatives and plentv of 
Aiatei aa ill usually bung about a erne In lefiactoiy cases, bacterms 
should lie used, and m peisistent pyelitis it may be neeessaiy to migate 
the leual poll is thiough a uieteial catlietei with a solutiou of one of the 
silcei salts 01 AAith a 2 per cent solution of aluminium acetate If still 
lesistant, it is adusable to opeiate — to split the capsule and drain the 
i dial peli is In all such cases the existence of piessuie on the uietei oi 
of moAable kidneA should be lmestigated 
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I INTRODUCTION 

The expenments descubecl m this papei wei e begun with the inten- 
tion of detei mining the effect of mamum nitrate on the excietion of 
cieatimn by the kidney, and the effect of creatimn injections on the 
nephritis pioduced bj uiamum nitiate Chlonds weie estimated m the 
last tlnee expenments to check up the lesults with cieatimn Unc 
acid estimations weie added, as it was found that no woik had been done 
on the subject The work was begun m the wmtei of 1911 during the 
wnter s second yeai at the Johns Hopkins Medical School, but was not 
successful at that tune The expenments descnbed below were conducted 
m this laboiatoi} r duimg the two succeeding summeis of 1911 and 1912 

II EXPERIMENTAL 

A Methods — Dogs which had not pieviously been used foi any 
expei imentatioii ueie taken They weie kept m cages of the type 
descnbed by Di Gies 1 The uime was collected daily at 8 30 a m 
Powdeied thymol was used as a uimaiy presei vatn e The cages weiC 
caiefully cleaned each morning 

'The dogs weie fed on unifoim quantities of hashed lean beef ciackei- 
meal, laid and distilled watei m a homogeneous nnxtuie Bone ash was 
added to the food to insuie the elimination of foimed feces, which weie 
found except when stated to the conti aiy m the protocols The dogs weie 
fed legulaily at 9 a m 

A uoicl must be said heie concerning the meat included m the diet 
The amount was aluaj^s small — 15 giams Clossony Kleickei 3 and Lef- 
mann 4 hate shown that muscle as food does not mciease unnai j ciea- 

" Submitted foi publication Apnl 9 1913 
Fiom the Biochemical Laboiatoi^ of Columbia Uiuvei sitj , at the College 
of Plnsieinns and Suigeons New Yoik Cih 

1 Gies W J Am Join Plnsiol 1905 \n, 403 

2 Closso i Am Join Plnsiol 190G, vw 252 

3 lvleichei Beiti 7 cliem Plivsiol u Pathol 190G i No S p 59 

1 Lehmann Ztscln f plnsiol Cliem 190S hn, 47G 
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tmm, and fmtheimoie, it lias been noted by Undeihill and Klemei 5 that 
tbeie is no deeiease m dogs m unnary cieatimn dm mg a fast of ten days 
These observations wanant the belief that the absence of so small an 
amount as 15 grams of meat, during lefusal of food by the animals, could 
not have made any dilfeience m the output of unnai y cieatimn 

Intravenous injections were made from a bnret through a small 
cannula into a saphenous vein A veiy small quantity of 2 pei cent 
cocam solution iva c used as a local anesthetic 

I he subcutaneous injections were made m the skin of the back or 
hind leg 

The creatmm was estimated by FolmV method, the uiic acid by the 
Fol m -Shaffer 7 method, the ehlonds by Harveys 8 method, albumin with 
Tsuchaja’s 0 reagent using Esbaeh tubes The mines weie analyzed as 
soon as collected 

B Lemons Caused ly Uianmm Niiiate — The acute lenal lesions 
caused by uranium nitiate have been shown to be the same by all lnve^ti- 
gatois except two These lesion 1 - consist m general of a seveie tubular 
injmy combined with a vascular change, the latter of which has been 
demonstiated by physiological, but not by anatomical obseivations 

As to the tubulai lesions, Pearce 10 states that “the anatomical changes 
due to inanium and to the chiomates are m the eailv stages confined 
essentially to the tubules, especially the comoluted tubules, and consist of 
gianulai oi fatty degeneiation and definite neciosis often affecting laige 
gioups of tubules ” This is m essence what has been found by Sclda 3 r er and 
Takavasu, 11 Schla\ei, Hedmgei and Takayasu, 12 Pearce, Hill and Eisen- 
biey, 13 MacXidei, 14 Polil, 15 Chnstian, 10 and Hemeke and Meyeistem 17 
As to the msculai changes, Chittenden and Lambeit 18 showed as eailv as 
1889 that mamuni m its eaily action on the kidney caused an mcieased 
unnaiy toiume which, when the toxic action became moie decided, 
changed to a paitial oi complete stoppage of unnaiy secretion Schlayei 
states that the senous distui bailees ot the mtegiity of the lenal vessels 
shown bj functional incest igation m manium nephntis aie not iccog- 

5 Undeihill and Kleiner Join Biol Cliem , 190S, iv, 165 

6 Fol in 0 ZKcln f pin siol Cliem , 1904 \li, 223 

7 Fohn and Shaflci Ztsclu f plnsiol Cliem, 1001, \\\n, 556 

S Hane\, E C Tiie Aiicnm s Iht Mra , 1910, m, 12 

9 Jsuclma Centialbl f mn Med, 190S xxix 105 

10 Peaice II M Hanoi Lectuies 1909 and 1910 

II Selilaiei and Ickaaasu Deutseh Aicli f klm Med, 1910, \c\m, 17 

12 SclilaiOi, Hedmgei and lakaiasu Deutsch Aicli f him Med, 1907, 
\ci 59 

13 Peaiee Hill and Eisenhiei Join E\pei Med, 1910, \n, 190 

14 M ic>.ider Join Pliaiinicol and E\pei Tlieiap , 1912, in 423 

15 Poll! Aicli f E\pei Pith u Phaimacol 1912 Km, 233 

16 Chn-tnn Smith and Chandlei The Alien ices Int Mnn 1911, cm 

17 Heineke and Me\ei«tem Deutsch Aicli f klin Med 1907 \c 101 

IS Chittenden md Lanilieit Ztsclu f Biol 1SS9 \w, 513 
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mzable iiom the anatomical pictuie These distiubances Schlayei, ITed- 
mgei and Takayasu 12 showed to be an initial mciease m the dilatability 
and contraetibility of the blood-vessels of the kidney and an mcieased 
peimeability followed, m a day 01 two, by a leversed condition (Fig 1) 
Peaice, Hill and Eisenbiey 13 confiiined this Polil, 15 woikmg on labbits 
with veiy small doses of uianmm inflate (0 035 mg), piodneed a sub- 
acute nephutis, which exhibited, physiologically, a polyima leaching its 
height m a week oi ten days, and showed, anatomically, at the end of 
two weeks, that the glomeiuli v/eie intact, but that the tubulai epithelium 
was flattened oi entnely destioyed MaeJSTidei, 14 and Hemeke and Mevei- 
stem 17 found engoigement of the intei tubulai vessels and of the glomei- 
ulai capillanes 

As fin tlier pi oof of the tubulai lesion Eisenbiey, 19 found that phenol- 
sulphonephthalem is often excieted m mci eased amounts m the fiist 
twenty-foui hours of uianmm neplmtis and always is excieted m 



Fig 1 — Effect of uianium on the kidney 1 Famt spot like clouding 
2 Moie diffuse clouding and spot-like neciosis 3 Widei aieas distuibed 
4 Moie wulel v spiead distui bailee 5 Piactically no noimal tubules leniam 


decreased amounts theieaftei In vieiv of the statement of Rowntiee and 
Geiaghfy, 20 “that expeinnental evidences indicate that phenolsulphone- 
phthalem is excieted mostly by the tubules/ 1 the woik of Eisenbiev 
becomes confiimatoiy evidence of what has been said above concerning 
the lesions of uianmm neplmtis, tliat is, that uianmm mtiate pioduces 
a lasculai leaction of one oi two days’ duiation followed by a tubulai 
distui bailee of wide extent Chustian pointed out that m addition to 
the tubulai lesion “theie occuis m the glomeiuli a dcgeneiative condition 
consisting usually of the appeaiance of hyaline diojilets of vaijmg size 
m tbe vail of the capillaiy” MacHidei states that similai stiuctuies 
liaie been obseived m seveial of Ins expemnents He also notes that 


10 Eisenbiev Joui Expei Med , 1011, xiv, 4C2 

20 Rowntree and Geiaglitj Tiie Arciii'es Ixt Mld , 1012 i\, 2S4 




TABLE 1 — Creaiinin Injections and Acute Nephritis 
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cliff ei ent animals vary gieatly m their response to the same quantity of 
poison per kilo This has been found to be the case m my own expen- 
ments also 

The accompanying chart taken from the article of Schlayei and 
Takayasu (p 615) shows graphically what has been stated above 

The lesions produced m my experiments, so fai as concerns acute 
nephritic conditions aggravated by injections of creatmm, were essen- 
tially the same as those in the cases mentioned above In the gross, 
the kidney was enlarged, the capsule tense, microscopically, the tubular 
epithelium (mainly of the convoluted tubules) was swollen, sometimes 
occluding the lumma, and showed granular degeneration and neciosis 
The nuclei, especially in the convoluted tubules, could not be made out 
m most of the cells The glomeruli were intact Bowman’s capsule was 
distended m many instances and the mtraeapsular space was partially 
filled with a granular material There was no proliferation of the 
epithelium of the capsule The blood-vessels were much engorged 

The kidney m Experiment 3, which was examined two weeks after 
uranium had been injected four times during twenty-two days, showed a 
somewhat different picture Macroscopically, the kidney was swollen 
The capsule was tense and not adherent The suifaee was smooth Micro- 
scopically, the lesions were mainly tubular There were not as many 
injured tubules visible as m the other cases, but those which were injured 
seemed more severely affected In many instances the cells had entirely 
separated from the basement membiane and lay as an ill-defined granulai 
mass m the lumma In other instances, practically normal tubular 
epithelium could be seen The glomeruli showed thickening of Bowman’s 
capsule m several instances and m a few places there was round-cell 
infiltration about the capsules 

C Polyuria — The i- e is almost unanimity of opinion that polyuria 
occurs m the early stages of uranium nephritis Chittenden and Lam- 
beit 18 noted it m 18S9 Since then, Schlayer and Takayasu, 11 Pearce, 
Hill and Eisenbrey, 13 Schlayer, Hedmgei and Takayasu, 12 and Mac- 
Hidei 14 have observed this same reaction As stated above, this reaction 
has not been definitely associated with pathological lesions The recent 
woik of MacHider 14 and of Pohl 15 shows that with small doses of ura- 
nium nitrate, this vascular reaction may persist for more than the one 
or two days stated by the investigators named above 

It is interesting to note that MacHidei 14 differentiates between anunc 
and polyuric animals and states that, though the vascular lesions are 
identical m these two groups, the tubulai involvement differs markedly 
In the anunc gioup this consists in swollen epithelium which occludes 
the tubulai lumma, while m the pohunc gioup no epithelial involve- 
ment is present 
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spasm of fore paws on percussion over 
scapular muscles 



TABLE 3 —Acute and Subacute Nephritis Creaiinin Injections 
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The figuies in the aecompan} mg table (Table 5) indicate that poly- 
uria was obtained m all cases As to anuria, this was not clearly observed 
m any ease, due to the necessity of pioceeding promptly with fuithei 
injections 

TABLE 5 — Polyuria 


Experiment 

/ 

1 

V U1 

2 

111 U U 

3 

4 

Average normal 

266 

425 

360 

431 

Maximum normal 

345 

460 

465 

525 

Uranium nitrate nephritis 

331 

435 

285 

130 

681 

650 

515 

600 


420 

850 

190 

650 

* Vomitus admixed 


525 

325 



D Chlonds — The excietion of chlonds has been carefully investi- 
gated by Schlayer and his associates as well as by Austin and Eisenbrey 21 
These authois found a decrease m the excretion of chlonds Mosenthal 22 
has found that the excretion of chlorids may be increased, normal m 
amount or diminished at times, according to the conduction of the experi- 
mental nephntis It has also been stated by Pohl, 16 and Austin and 
Eisenbrey that theie is an initial increase coincident with the polyuria, 
after which the excretion of chlorids decreases This was found to be 
the case m Experiment 4 The results of the othei experiments aie 
inconclusive 

E U'i ic Acid — The question of uric acid excretion m uranium 
nephritis, acute oi subacute, does not seem to have attracted the attention 
of investigators up to now, for no references have been found m the 
literature Table 6 presents some lesults m this connection 

From the data m this table (Table 6) we may conclude that uranium 
nitrate nephritis causes an increase m the amount of endogenous uric 
acid m the urme , that m the subacute form the excretion remains high 

F. Cieatvnm — It appeals that the elimination of creatimn m acute 
uranium nephritis has not been studied It is, however, interesting to 
note that in potassium chi ornate nephritis — a tubular form — Levene and 
Knsteller, 23 and Lefmann 4 found a deciease m the excretion of cieatimn 
J L Green 24 notes that “creatimn was slightly reduced,” but his lesults 
are by no means conclusive Table 7 shows the results for acute uranium 
nephritis 

In subacute nephntis the amount of cieatimn excreted is reduced 
The protocol of Experiment 3 shows that after four doses of uranium 
had been given over a period of twenty-one days, the succeeding ^even 

21 Austin and Eisenbrey Jour Evper Med , 1911, xiv, 3G6 

22 Mosenthal Personal communication 

23 Levene and Kristellei Am Jour Physiol, 1909, \\i\, 45 

24 Green, J L Jour Pathol and Bactenol, 1909, \m, 29G 
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days showed an average excretion of 129 mg, and the days thereafter 
108 mg The normal, as may be seen m Table 7, was 205 mg 



TABLE 6 — Ubic Acid Excretion 

Experiment 2 

Mg 


Normal average 

21 


Nephritis 

25 

Uranium nitrate, 

33 

123 

42 

8 5 mg subcutaneously 


Experiment 3 

Mg 


Normal average 

14 


Nephritis 

18 

Uranium nitrate, 8 mg 


27 

Uranium nitrate, 7 mg 


10 

subcutaneously 


28 



23 



23 



28 


Nephritis 

44 

Uranium nitrate, 7 5 gm 


23 

subcutaneously 


19 



26 


Nephritis 

27 

Uranium nitrate, 20 mg 


18 

subcutaneously 


58 



30 



45 


Nephritis 

36 

Uranium nitrate, 25 mg subcutaneously 

Experiment 4 

Mg 


Normal average 

29 


Nephritis 

43 



34 

Uranium nitrate, 30 mg 


56 

subcutaneously 


34 



17 



Mg 

56 

49 

26 

29 

26 

29 

25 
15 
23 
29 
22 
27 
31 

19 
23 

26 

20 


Inti avenous CieaUmn Injections — No record of excietion after intra- 
venous injections of creatmm has been found Theie are, however, 
several observations on its excretion when fed or subcutaneously injected 
Tolm 25 found that if creatmm were ingested by a noimal patient, 75 
per cent was excreted Wolf and Shaffer 20 found that 80 per cent of 
ingested creatmm was excreted Voegthn and Towles 27 found that when 
creatmm vas mgested, 36 3 per cent and 62 5 per cent (two experi- 
ments) were excreted m twenty-four hours, while if injected subcutane- 
ously, 54 5 per cent and 72 7 per cent (two experiments) were 
excieted 28 Mellanby, 20 Lefmann, 4 and Klercker 3 state that ingested 


25 Folin, O Am Jour Physiol , 1905, xm, 6G 

26 Wolf and Shaffer Jour Biol Chem , 1908, iv, 439 

27 Voegtlm and Tonies Jour Biol Chem, 1912, x, 479 
2S Calculated from protocols 

29 MelHnbv, E Jour Physiol, 1907-08, \xxv, 447 _ 

30 \ Hoogenhuyze and Verploegli Ztsclir f physiol Chem , 1905, xlvi, 4i 
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cieatmm is excreted m gieat part. Van Hoogenhuyze and Verploegh 30 
state that 100 per cent of injected cieatmm is excreted The data m 
Table 8 lead ns to the conclusion that when intravenously injected, 
creatmm is excreted “m toto ” From the protocols it will be seen that 
this did not take more than foity liouis 


TABLE 7 — Creatinin Excretion in Acute Uranium Nephritis 


Expei iment 

1 

2 

3 

4 


Mg 

Mg 

Mg 

Mg 

Normal average 

210 

190 

205 

258 

Uianium nitiate nephi itis 

281* 

187* 

169* 

172* 

228 

187 

174 

302 


114 

65 

74 

2S0 



123 

92 

170 





90 

* Uranium nitrate subcutaneously 
15 mg , Exp 4, 30 mg 

Exp 1, 10 mg , 

Exp 2, 

S5 mg , 

Exp 3; 


(r Cieatmm Injections During Uianium Nephi itis — No record of 
creatmm injections m dogs oi other animals having uranium oi other 
experimental nephntides has been found In view of the results, this 
phase of the subject deseives careful consideration 


TABLE 8 — Excretion of Creatinin 


Expei iment 

1 

1 

1 

1 

3 

3 


Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Normal ( average ) 

Average 3-day period following 

210 

210 

210 

210 

165* 

127< 

injection 

Average 3-day period with inject- 

330 

245 

223 

267 

193 

141 

ed amount subtracted 

280 

209 

190 

234 

1G3 

114 


* Excreted during chronic nephritis 

IVlien a dog with uranium nephi itis was injected with an amount of 
cieatmm equivalent appioximately to one-half the normal excretion, the 
animal either died (two cases) oi showed a remarkable decrease m renal 
activity (one case) The data show (Tables 9 and 10) that not only was 
the injected creatmm not excreted, but the excretion lay far below either 
the normal or the amount excreted m the previous nephritic period 

TABLE 9 — Creatinin Excretion After Injection of Approximately One- 
Half the Usual Excretion Duping Nephritis 

t Experiment 2 , 

Volume, Creatmm, Unc Acid, 
e c Mg Mg 

Aveiage normal 425 190 21 

Average alter nepln itis 015 140 55 

Aveiage after creatmm injection 96 65 13 

The excretion of the other substances subjected to study shows a' 
noteworthy state of affans, namely, a great decrease m the excretion of 
water, chlonds and uric acid, m other words, there was an apparent 
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airest of lenal function, followed m two instances by death and m one 
by recover} This last case (Table 11) deserves fuither attention, since 
an examination of the figures shows that after a ceitam penod (tlnee 
days) the kidney began to exciete more readily, and that the substances 
increased daily m amount until the eieatimn had reached the noimal 
amount, and until uric acid, chlonds and water had far exceeded it, m 
other woids, what appeared to be a physiological compensation took place 

TABLE 10 — Cbeatinin Excretion After Injection of Approximatllt One 
Half the Usual Excretion During Nephritis 

, — Expei lment 1 — * 
Cieatimn, Volume, 



Mg 

c c 

Average normal 

210 

266 

Aveiage nephritis 

207 

477 

Average creatimn injection 

3 

127 


The following is a description of the animals’ condition aftei cieatimn 
was injected Dogs 1 and 3 will be described together, as they showed 
practically the same symptoms and m the same ordei These dogs one 
day after the creatimn injection became apathetic They did not jump 
about tlieir cages when approached as had previously been the case Two 
days later a fine muscular tremor was noted The dogs lay quietly m 
then cages If placed on their feet they weie easily bowled ovei by a 


TABLE 11 — Apparent Physiological Compensation in Creatinin Excre 
tion AriER Injection of Excess During Nephritis 


Expei iment 4 

Volume, 

Creatimn, 

Uric Acid, 

Chlonds, 


Cc 

Mg 

Mg 

Gm 

Average ( normal ) 

431 

258 

29 

1513 

Aierage (nephritis) 

403 

231 

41 

1065 

Creatimn injection 

400 

83 

36 

0 960 

_ 

160 

50 

9 

0 736 


70 

11 

17 

0196 


212 

36 

14 

0 805 


315 

94 

19 

0 882 


545 

117 

34 

1417 


850 

161 

37 

1700 


S40 

184 

44 

2 68S 


270 

202 



gentle push and did not 

jump up again 

The following day 

a coarse 


tremoi was noted which was spasmodic only The respiration was 
labored, perhaps due m pait to a nasal infection of a purulent natuie 31 
The ej’es also now showed a puiulent discharge Neither of these mflam- 

31 The fact that this infection occurred but one day before death, and after 
the renal reaction to the creatimn injection had commenced, warrants the belief 
that it was m no way responsible for the animal’s death, and was only a 
manifestation of lowered resistance due to the toxic influence on the animal 
as shown b\ his changed actions and urinary excretions 
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matory changes had been piesent befoie In Dog 3, percussion neai the 
scapular spme gave a veiy active leflex conti action of the foie leg, which 
on two occasions developed into a clonus The dogs became more and 
more apathetic, lying quietly m then cages, not leactmg to calls and 
unable to stand when placed on their feet This lasted until they died 
If at any time after the cieatmm infection watei was placed m the cages 
the dogs drank, hut vomited at once Dog 4 showed no symptoms wliat- 
soevei and thioughout the expenment appealed noimal 

But befoie offering any explanation of these phenomena, the lesults 
of ereatinm injections m a subacute uranium nephritis must be noted 
Here, as the figures m Table 12 show, the secretion of neither ereatinm, 
uric acid, chlonds nor water was affected It is on this finding that a 
possible explanation of the phenomenon m the acute nephritis may be 


TABLE 12 — Results of Injection of Creaiinin During Subacute 

Uranium Nephritis 


Expei iment 3 


Vol , 

Cieat- 

Unc 

Clilo- 




c c 

mm, 

Acid, 

nds, 

Remarks 




Mg 

Mg 

Gm 


Average noimal 
Aftei foui uianiuni 

injections 

360 

205 

14 

0 213 


dui mg 21 days 

435 

241 

26 

1 174* 

Injected 91 mg 


325 

187 

29 

0 910 

ci eatimn 



280 

153 

25 

0 840 




260 

128 

15 

0 S06 




300 

156 

23 

0 750 




225 

136 

29 

0 562 




255 

96 

22 

0 612 




340 

122 

27 

0 544 




415 

182 

31 

0 830* 

Injected 70 mg 



180 

100 

19 

0 396 

creatmm 



330 

142 

23 

0 528 




290 

77 

26 

0 464 




230 

99 

20 

0 506 


* Raised chlond 

excretion 

due to 

saline injection fluid 



based In the acute nephutis, the tubules aie all moie or less seveiely 
mjuied If to the normal burden (which, as the figures show, is pooily 
borne so far as ereatinm goes), we add the additional buiden of excreting 
more ereatinm, we can readily imagine that the mjuied cells, now taxed 
far beyond their powers, would fail to act as well as before, and a more 
or less complete arrest of lenal function would result In subacute 
nephritis, cellular regeneration or atrophy takes place, so that the kidney 
probably contains sufficient normal tubular epithelium to take care of a 
ceitam amount of creatmm beyond that presented to the kidney by body 
metabolism, and thus no ill effects oecui What this amount is, and 
whether it appioaches the noimal, has not been demonstrated up to now 
The whole matter seems, moreover, to have another interesting side 
when we consider that creatmm is mci eased m fever m general 
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(Leathes 32 ), and specifically m acute feveis, e g , pneumonia (Wolf and 
Lambert 33 ) and typhoid fevei (Shaffei, 34 and Ewing and Wolf 35 ) , and 
when we consider that the diphtheria, cholera and colon bacilli, as well 
as the pneumococcus, cause a tubulai nephritis (Aschoff 30 ) 

The manner of production of a kidney condition which would give 
rise to uremia m certain febrile diseases might be explained as follows 
Taking creatimn as an example of a normal urinary substance excreted 
by the tubules of the kidney, and reviewing briefly what occurred m 
Experiments 1, 3, 3, and 4, we may conclude that animals with a tubulai 
nephritis and given a hypercreatminemia, showed an arrest of renal func- 
tion followed in two instances by death When the hypercreatminemia 
was omitted, there was no death from nephutis of similar intensity 37 In 
other words, hypercieatimnemia taxed the kidney beyond its powei of 
function and the margin of safety or limit of function was overstepped 

Let us now suppose the existence of a febrile condition, m which the 
excretion of creatimn is raised, the tubules would then be taxed beyond 
the usual Add to this a tubular nephritis and we have the leverse of 
what took place m the experiment, that is, instead of tubular nephritis 
followed by hypercreatminemia we have hypercreatminemia followed by 
tubular nephritis, both of which would natuially entail similai results, 
so far as effects on the tubule are concerned 

As stated above, creatimn is taken only as an example of a urinary 
substance normally excreted by the kidney tubule Theie seems no reason 
to believe that other normal substances which are increased m fever and 
excieted by the tubules would not act m a similar way, that is, to oveitax 
an already overfunetionmg kidney whose condition had been aggravated 
by a tubulai nephritis 

In brief, it would seem piobable that the factois which reduced the 
total functioning powers of the kidney m the above experiments have 
been a tubular nephritis followed by a further taxing of the tubules by 
the presentation of excessive amounts of a substance normally excieted 
by them and that the same factors, even though reversed m oidei of 
occurrence, might act m the same way m human febule diseases com- 
plicated by tubular nephntides 

What may cause the uremia, normal or abnoimal substances, is not 
known We have onty been concerned here with the mechanism of the 
letention of these substances 

32 Leathes, J B Joui Physiol , 1909, \v\\ , 205 

33 Wolf and Lambert The Archiies Int Med, 1910, i, 406 

34 Shaffer Am Jour Physiol, 1908, xxm, 1 

35 Ew ing and Wolf The Archives Int Med , 1909, iv, 330 

30 Aschoff Pathologische Anatomie, 1911, h, 450 

37 This has been shown by many of those quoted above who haie worhe 
with uranium 
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CONCLUSION'S 

1 In acute uranium nitrate nephntis, (1) ereatmm is excieted m 
decreased amounts, and (2) urie acid is excreted m increased amounts 
(Experiments 2, 3. 4) 

2 In subacute uianium nitiate nephritis, (1) ereatmm is excreted 
in deci eased amounts (two weeks), but (2) uric acid and (3) chlonds 
are excreted m increased amounts (two weeks) (Experiment 3) 

3 Cieatimn injected m normal dogs is excreted % toto” (Experi- 
ment 1) 

4 Creatmm injected in acute uranium nephntis causes (1) endogen- 
ous and (2) injected creatimn (Experiments 1, 2, 4), (3) uric acid, (4) 
chlonds and (5) water, to be excreted m decreased amounts (Experi- 
ments 2, 4) , (6) death may ensue 

5 Creatimn injected m subacute uianium nephritis (Experiment 3) 
is excreted “m toto,” and apparently does not affect the excretion of 
endogenous creatmm, uric acid, ehlorids or water since these are 
unchanged 

I -wish to express my thanks to Dr Wm J Gies for the valuable assistance 
I have received while cai lying out this work 

437 West Fifty-Ninth Street 



A CASE OE AURICULAE FIBRILLATION WITH A POST 
MORTEM EXAMINATION 

ALFEED E COHISr, MD, and JAMES D HEABD, MD 

PITTSBURGH 

CASE IiEPOItT 

Hist 01 y — The patient, Mis T G, was 37 yeais old Hei weight 
was 55 kilos She was fust admitted to St Eiancis Hospital, Pittsburgh, 
Jan 17, 1912 , her chief complaint being shortness of breath Dyspnea 
had been present during the past foui to six weeks, dunng which penod 
she had also experienced palpitation and preeoidial pam, occasional 
night sweats had occurred dunng the past few months, together with 
fiequent “colds/ 5 during the course of which the patient would bring up 
blood-stained sputum Hei past medical history was as follows She had 
chorea dunng childhood, llieumatic fever m 1908 and again m 1911, 
measles, diphtheria and small-pox m early life She was not subject to 
sore throat The patient had given birth to three healthy children and 
had had no miscarriages She had worked hard Her habits weie good 

Examination — The physical findings on the day following admission 
were, m brief, as follows The patient was a slendei, middle-aged woman 
lying m bed without any apparent pam oi discomfort Her tempeiature 
was 98 4 E , pulse-rate 120 to 130, respiration 22 to 24, systolic blood- 
pressuie 120 She coughed occasionally Theie was slight cyanosis, but 
no jaundice nor edema Hei eyes, mouth and tonsils weie negative The 
external jugular veins weie pulsating The thyroid gland was not 
enlarged The thorax was banel-shaped and allowed only shallow lespi- 
latoiy excursions, there was a pionounced Harrison’s' fun ow Expua- 
tion was prolonged over the upper lobes of both lungs Numeious moist 
lales were heard oier the entire posterior aspect of the left lung and in the 
left lower axillaiy legion Theie was pronounced piecoidial bulging and 
diffuse heaving synchionous with the heart beat, the point of maximum 
intensity being m the sixth mteispaee slightly to the light of the left 
antenor axillary line The caidiac impulse was maiked and sudden and 
was preceded by a lough nbiatoiy presystolie thrill The right canine 
bolder was 5 cm to the right of the mid-sternal line, and the left bonier 
12 cm to the left, at the third interspace A presystolie rumble teimmat- 

* bubmitted for publication March 27, 1013 

8 From the Hospital of the Eockefeller Institute foi Medical Eesearch Ken 
York 
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mg m a sharp flapping first sound "was heard at the apex and was fol- 
lowed by a short puffing murmur, heard ovei a wide area including the 
left axilla The second sound at the pulmonic area was maikedlv accen- 
tuated and louder than that at the aortic area The rhythm was regular 
The abdomen showed maiked epigastric pulsation The blood, urine and 
feces showed no abnormalities 

Treatment — The patienk's condition remained unchanged for five 
days, during which period the pulse-rate averaged 120, the lhythm being 
always regular and the heart sounds continuing as noted at the first 
examination It is not known whether digitalis had been administered 
before her admission, but on Jan 22, 1912, the tincture of digitalis was 
first prescribed m the hospital, the dose being 1 dram a day After 
the administration of one-half dram, the patient was awakened by 
severe palpitation The lesident physician noted at this time that the 
apex rate had fallen to 80 and that the pulse was grossly irregular m 
rhythm and m force The patient was not seen by the physician m 



lines are curves of the jugular (venous) and radial pulses Complete lrregu- 
lautv of the heart (auricular fibrillation) is piesent 

chaige until 2 drams of the tmctuie of digitalis had been admimsteied 
The medication was then discontinued It was noted at this time that 
the presystolic murmui and thrill had disappeaied In a poly graphic 
tracing taken January 24, the radial curve showed a pulsus vnegulans 
peipetuus , and the venous, the ventricular type 

All subsequent tracings were of the same character, so that the con- 
clusion was reached that auricular fibrillation was present The slower 
late of the ventricles continued until the patient was discharged from the 
hospital, Feb 7, 1912 The change to a slower rate and an irregular 
rhythm coincided with rapid improvement m the general condition, and 
also in regard to dyspnea, cough and cyanosis When the patient left 
the hospital, the circulation was restored to a condition of compensation 
Second Admission — On her second admission, March 12, 1912, the 
patient was brought to the hospital m a condition of orthopnea The 
temperature was 102 6 F , the cardiac lhythm was completely iriegulai 
the apex rate being 110, the respirations were 54 per minute There 
was almost constant coughing with expectoration of much thin frothy 
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fluid which did not contain blood Theie was maiked general subcu- 
taneous edema Auscultation of the chest disclosed the piesence of 
numerous fine and coarse idles which could he heard over the entile 
posterioi aspect, resonance was impaired at both bases The abdomen 
was dome-shaped and flat on percussion m both flanks The liver was 
pulsating and its lowei border extended 7 to 8 cm below the costal 
margin at the mid-clavicular line The urine contained albumin and 
hyaline and granular casts ISText morning at 9 30, after having passed 
a fairly comfortable night, the patient was m no distress One houi 



f'bg 2- — Clnrt shoeing aveiage pulse-rate as affected by digitalis 


later she suddenly developed deluium cordis, with urgent dyspnea and 
general cyanosis At this time Di H G Schleiter saw the patient with 
one of u= in consultation, and it was decided to admimstei stroplianthm 
intravenously, and to follow this by 1 dram of the tincture of digitalis 
dail} by mouth The injection was subsequently earned out by Di 
Schleiter, who has kindly furnished the following note and the accom- 
panying tracing 

‘Afarch 13 , 1912 At 11 20 a m , the patient was in extreme distress, 
sitting up against pillows and panting for breath The following con- 
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chtions weie noted The lower extiemities weie extensively edematous 
Tlie light boidei of the heart was 2 inches to the light of the mid-line, 
the left boidei was 4 inches to the left m the thud intei space, the apex, 
5 inches to the left m the sixth intei space The pulse-iate, taken at the 
apex, was 164 per minute and showed complete aihythmia Jugulai 
tracings weie not obtainable, but the ladial pulse showed beats vaiymg 
constantly m time and foice, with no underlying dominant lliythm 
demonsti able , it does not appear leasonable to doubt that amiculai 
fibi illation was piesent Fluid was piesent at the bases of both pleuial 
cavities Many ciepitant lales were heard Theie was ascites, the livei 

Ynrrm i i'»rrt*r* r r i *rm i i wt f p r r f T n rn r i « rt p f ffTtTm rrrmrri < rrm r m 


Fi^.3 

Fig 3 — A cuive of the radial aiteiy befoie the admnnstiation of stiopliantlnn 
0 5 nigm , intravenously 

wi r iiimii rn pi u i m i i r miM rmrnTTt »■ n rr n » t n« > rr 
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Fig 4 — The same thirty minutes aftei the intravenous injection 

pulsated and the edge was felt at the level of the umbilicus The patient 
was gnen an mtiaienous injection of 0 5 milligrams stiopliantlnn 
Within five minutes she appeared less ill, and m twenty minutes she was 
bieathmg quietl}’’ as if aftei a hypodermatic injection of morphm, the 
pulse, still showing fibi illation, had fallen to a rate of 116 per minute 
A second injection of strophanthm (0 5 milligrams) was given at 3 30 
p m It is of interest to note that aftei 7 drams of the tincture of 
digitalis had been administered, the pulse-iate had fallen to 84 per 
minute and the patient’s condition had greatly improved The heart 
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outline had not been reduced, the chaiactei istic megulaiity was still 
present, and the liver hoidei still remained at the level of the umbilicus, 
wheie it had been on admission to the hospital ” 

On the day following and for several days subsequent to the injection 
of strophantlun, consideiable pam and swelling weie present m the aim 
winch had been chosen for its administration Urgent subjective symp- 
toms did not letuin Duung the first tlnee days after the beginning of 



Fig 5 — 'Mici ophotogi aph of the sino aui iculai node Slide 257 The pen 
caidnun is dnected npmid The new foinied, thin u ailed bloodvessels aie seen 
in the subpenciidnl fat The node has a tnangulai shape, base towaid the 
pencil diiun 

the adnninstiation of digitalis the late of the lieait occasionally leached 
120 to 135, but subsequently it fell to normal and lemamed so aftei the 
vithdiawal of the drug Impioiement v as piogiessne On Maich 21 
the unne uas fiee fiom albumin and casts The patient uas dischaiged 
in Apnl, 1012 with the cn dilation fairly well maintained 

Thud Admission — About fhe v>eeks latei, on Maj 21, 1912, the 
patient va c admitted foi a third time She said that she had been iciv 


G35 


ALFRED E COER— JAMES D HEARD 

coiafoi table since leading the hospital, spending most of hei time m hei 
chan She had taken no medicine The evening befoie admission she 
began to be shoit of bieath, the dyspnea soon becoming veiy mgent On 
admission, the patient was found to be m a condition of maiked decom- 
pensation She had oithopnca, cyanosis, geneial edema, anasaica and 
albumin ui m The tempeiatuie was noimal, the lespnations 40, the 
late of the lieait at the apex 160, the ladial pulse was weak and intei - 



Fig G — Miciophotogiaph of the snio aunculai node Slide 300 Ihc node 1ms 
an elongated fonn, its long axis paiallel to the peiieaidmm A nonnal i elation 
between muscle and connective tissue is seen 


nnttent, the aieiage late being about 100, the aiea of eaidiac dulnews was 
like that on the piexiou** admission, the lovei boidei of the lnei was at 
the lei el of the umbilicus Tlieie w as constant coughing and expectoiation 
of mucli white fiotby fluid The patient was gnen the tmctuie of digi- 
talis She had fom horns sleep aitei two injections of one-foui th giam 
ot moiplim sulphate She mlteied less discomtoit next moimng, but m 
the exenmg had maiked djspnea tos c ed about m bed and iefu=ed at 
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times, to answei questions Sti ophantlnn (1 nulligiain) was aclmm- 
lsteiecl inti avenously by the resident physician, but some of the solution 
escaped into the tissues so that it was not possible to determine the exact 
quantity winch was absoibed The patient giadually became moie com- 
f 01 table, hut no stukmg change m hei condition was noticed May 23, 
1912, the patient was veiy cyanosed and moved continually m bed She 
was stupoious, hut responded to questions Her temperatuie was noimal, 
the lieait late at the apex vas 120, and the radial pulse 80 Aftei a vein 
had been exposed by dissection, sti ophantlnn (1 milligram) was injected 
into it, but without appaient lesult on the lieait rate oi mass movement 
of blood Two days latei. May 25, 1912, the temperatuie suddenly lose 
to 105 4 F , without a premomtoiy chill The patient was veiy lestless 
There was marked icteius The leukocytes numbeied 15,000, and m the 
diffeiential count there were 95 6 per cent polynucleai cells Twelve 
ounces of blood tvere witlidi aw n by venesection During May 26, 1912, 
the tempeiature again reached 105 4 F The patient was veiy lestless 
and cyanotic On the next day there was progressive failure of the 
cn dilation The cardiac impulse was tapping m chaiactei, and the 
rhythm was grossly megulai Pulmonaiy edema set in The tempei- 
atuie langecl between 101 and 106 F Death oceuired May 28, at 2 30 
a m Blood-culture showed the presence of an unidentified streptococcus 
An autopsy was peiformed several hours latei by Di Oskar Klotz, to 
whom v e aie indebted foi the rcpoit of the post moitem examination 

NECROPSY 

The body was that of a slightly built woman of about middle age The 
nutntion was fair The pupils weie both dilated, the left being laigei than the 
light The hi easts weie small and atrophied Tlieie was some excoriation of 
the skin ovei the sacium The external onfices were w ithout change The 
skin tissue eveijwlieie showed a maiked j ellow pigmentation, as did also the 
sclera 

iVccA O) gans The tiacliea V\as a little congested but did not contain excessive 
exudate The l^mph nodes at the bifui cation of the trachea showed a single 
small calcaieous nodule the sire of a mustaid seed The esophagus showed no 
change The thyioid was not enlaiged but was ratliei meaty looking The tissue 
of the nc-ck below the tlijioid gland appealed edematous, and m it wei e several 
dai k i ed h mph nodes 

Thot ax Tlieie were some old adhesions along the postenoi boidei of each 
lung Hie apex on each side was fiee Tlieie was no excess fluid in eithei 
pleuial cantj The pencaidium contained about 75 c c of a cleai jellow^ fluid 
Left Lung The oigan crepitated thioughout The tissues appealed a little 
lieaw , but tlieie was no evidence of edema Tlieie was only a slight marbling 
of black pigment On section the lung substance was a little congested The 
arteries of the lung showed some irregular thickening of then walls The lulus 
nodes weie not enlaiged The bronchi appealed quite cleai 

Right Lung The oigan was very similai to that on the left side Tlieie was 
some slight congestion hut no edema In one of the main pulmonnrv arteries 
there was a flat area showing adheient grayish red clot This clot did not 
obstiuct the aileiv The lulus nodes were without change 
Heat t See below 
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Aoita Hie aoita showed some diffuse thickening of the ultima m the aich 
and m the descending thoiacic poition The caiotid aitenes showed some inegu 
lai nodulai aieas neai the bifui cation 

Abdomen On opening the abdomen the paitially distended small intestine 
piotnided The gieat omentum showed an adhesion to the light of the bioad 
ligament The spleen w r as connected by old adhesions to the diaphiagm Theie 
weie some old bands of fibious tissue between the left lobe of the livei and 
the diaphiagm The left ovaiy had some adhesions to the sigmoid Theie w r as 
no excess fluid in the pentoneal cavity 

Alimeniciuj Canal The stomach and intestines sliOAved nothing unusual 
Theie Avas some congestion of the 3ow r ei poition of the small and laige intestines 
The mesenteiic lympli-nodes v 7 eie not enlaiged 

Livn The oigan w'as latliei sw'ollen and w'as flabby The outei suiface 
of the left lobe shoAved some old adhesions The oigan w'as quite pale m coloi 
Ilie gall-bladdei contained thick bi own bile, which contained many pigmented 
gianules The livei on section Avas blight yellow 7 , in which some dailc led spots 
and stieaks could be distinguished The lobules w r eie not distinctly maiked 
Theie w r as no evidence of fibiosis The yellow 7 aieas w r eie not definitely depiessed 
but some lesembled aieas of neciosis 

Spleen The spleen was tense and Aim On section the oigan appealed daik 
and fiim m ceitam aieas, ■while in otheis the tissue w r as soft and could be 
leadilv seiaped with a knife Hie softei aieas appealed moie paiticulailj 7 m 
the centei of the oigan The Malpighian bodies weie indistinct 

Kidneys Both oigans v 7 eie veiy much alike In each instance the capsule 
w 7 as quite thin and not adheient The coitex was giay and somewhat swollen, 
it was pooily defined fiom the medulla The pelvis and uieteis v 7 eie noirnal 
Adienals Both adienals w r eie quite laige The coitex was led and showed 
no evidence of fat The medulla w 7 as not enlaiged and was of a giay coloi 
Bladdei Hie oigan w 7 as of good size The w 7 alls w 7 eie thin and pale 
Genitalia The tubes weie both noimal The ovaiy m the left side contained 
a cyst 2 5 cm m length The uteius w 7 as noimal m size and appeal ance The 
ceivix show 7 ed the piesence of tw 7 o old teais In the vagina theie was some 
exconation of the epithelium on the postenoi Avail just below the ceivix 

MICBOSCOPICAL BEPOBT 1 

Lymph-Kodcs The lymph sinuses tliioughout w 7 eie much dilated, as w 7 eie 
also the blood A'essels The sinuses iveie filled Avith Ijmphocytes, a few pohmoipho- 
nucleai leukocytes and occasional endothelial cells Theie Avas much caibon 
pigment 

Lung Hie ah'eoli weie of usual size Then AAalls AA r eie tlnn and theie aaus 
no evidence of any inflammatoi y exudate into the alieoli 

Heait Sections of the lieai t muscle shoAA'ed a lathei pooily staining tissue 
m winch the muscle fibeis did not stain evenly The muscle hbeis appealed 
lathei nanoAV The stiiations of the muscle fibeis Aveie indistinct and these 
weie seen m bioken fiagments m the neighboi hood of some of the blood- 
Aessels About these bloodvessels AAas an excess amount of coimectne tissue 
In othei places the capillanes Ijmg between the muscle bundles aacic distended 
A\ith blood AAitli occasional extiaA isation of led blood cells into the smiotuiding 
tissue Ileie and theie a nuinbei of poh moi phonucleai leukocAtes A\eie seen 
in the mtei stitial tissue Poitions of the lieai t muscle cut on the fiee/mg 
miciotome showed an abundance of fat deposited AAitlnn the muscle cells Ibis 
fittA degeneiation was megularh distubuted tlnough the tissue, m places it 
was a ei a maiked Islands of connectue tissue A\ere also CAident m the Aiciintv 
of the bloodAessels 

Thy) oitl Sections of the tlnioul gland showed tissue AAith main medium sized 
iheoli containing colloid mateiial Hie aheolai walls aacic quite thin and the 
epithelium somewhat flattened 
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Kidney In the coitex of the oigan the glomeiuh weie of good si/e and they 
commonly showed fanly wide capsulai spaces The tubules of the coitex weie 
laige, man^ of them had wide lumina and contained some debus The cells 
lining the tubules weie of megulai size and stained pooily 

Ltvcr Ihe stiiictuie of the oigan was much alteied Tlie cential /ones of 
the lobules Mere almost entneh destioyed, theie being no livei columns in these 
legions The sinuses weie much dilated and theie appealed to he an extiaiasa 
tion of led blood cells into the suiiounding tissues Each lobule showed only 
a nm of In ei cells m the penpheiv 

Spleen The oigan was intensely congested so that the noimal mai kings weie 
almost obliteiated The Malpighian bodies weie small 

BACTLIilOLOGICAL REPORT 

Blood taken a day before death contained stieptococci The biologic chaiactei 
of this oiganism was not identified 

Pathologic and Bactei xologxc Diagnosis (Rheumatism) , clnonic scleiotic 
nntial endocarditis, stenosis of initial valve, clnonic intei stitial myocaiditis, 
clnonic scleiotic aoitic endoeaiditis (slight) , dilatation of heart (left ventncle 
and light auiicle) , hjpeitiophy of lieait (left ventncle), milk spots of heait, 
fatty degenei ation of lieait, acute intei stitial myocaiditis, hydiopeiicaidium, 
tlnombosis of pulmonaiy aiteiy, scleiosis of pulmonaiy aiteiy, old bilateial 
pleuial adhesions, obsolete tubeiculosis of pel lbronclnal glands, clnonic con 
gestion of lung, peritoneal adhesions, clnonic perisplenitis, caidiac spleen with 
acute splenitis, clnonic perihepatitis, nutmeg liver, bile sand, cential neciosis 
of liver, liemoi 1 liage into liver, cloudy swelling of kidney, enlaiged adienals, 
cist of ovaiy, clnonic pensalpmgitis, old laceiation of ceivix, decubitus ulcei 
of sacium and vagina, septicemia ( sti eptococcus ) 

TECHNIC OE EXAMINATION OE HEART 

Heait The lieait was fixed in Zenkei’s solution The aiea containing the 
snio auiicular node was unshed and haidened in alcohol The lest of the heait 
Mas taken out of Zenkei’s solution, washed in lunning watei and then sent foi 
examination in a 1 pei cent foimaldehyd solution It was then unshed and 
piesened in alcohol The length of the heart m the fixed state was 12 cm fiom 
the aunculo vcntiiculai gioove to the apex on the anteiioi suiface, and 9 cm 
on the postenoi surface There was a modeiate amount of subpencaidial fat 
along the light boidei of the lieait, lieie theie was a milk spot measunng 4 bv 
2 5 cm A sinnlai one measunng 1 5 bj 15 cm was found neni the apex on 
the nnterioi surface of the light ventncle Ihe cavity of the light auncle was 
dilated but not hi peiti opined The endocaulium uas ulnte and someuhat lei 
loinsh A small Chian net guaided the opening of the coionaiv sinus The 
tncuspid lalve admitted thiee dingeis the boideis of the flaps weie thickened 
The right lentncle i\ns neithei dilated noi hi pel ti opined The pulmonaij vahe 
uas noimal The canti of the left auncle uas much dilated The endocai dium 
uas thick and ulnte Theie weie no vegetations The nntial vahe admitted two 
fingeis The edges of the flaps weie much thickened and weie i oiled in on the 
aunculai suiface The cmti of the left lentncle was slightlj dilated but not 
hi pei ti opined The wall mtasuied 15 nun it the base, 17 mm at the level of 
the p ipill in muscles uid S mm at the apex The outflow tiact of the lentncle 
was moie dilited than the left half of the cavity, and the endocnidium lining 
it u is white The choidae tendmeae weie shoitei and slightlj thickei than 
noinnl Theie weie two ‘anall false postenoi modeiatoi bands The coipoin 
Aranln of the cusps of the aortic ialie weie thickened The cusps themsehes 
weie adherent tc each othei it their points of intei section otheiwise thei weie 
noimal The coionan uteins weie noinnl The heait piesented no congenital 
anomalies 

Snio Lunttilai Node J lie aiea at the caio aunculai junction containing 
the sino auricular node was haidmcd embedded cut and stained in the mannei 
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emploied and descnbed elsewheie 2 3 * The sections weie cut at a thickness of 
12 mieions at light angles to the long a\is, and eveiy fiftli section n as mounted 
On account of the fixation m Zenlcei’s solution, bichloud pi ecipitation occuned 
but was lemoved successfully by unmet sing the sections m Lugol’s solution foi 
one week befoie staining The nunibei of sections cut n as 2,235, so that the 
length of the node aftei embedding was 2G 82 mm 5 The i elation of the uppei 
cxtiennty of the node to the cavo auiiculai junction could not be ascei tamed 
because the tissues had been excised fiom the heait befoie it was sent foi exam 
mation, and the noimal moipliologic landmaiks neie consequent]! destioaed 
The shape and dimensions of the tiansieise section of the node vaned at difleient 
levels In its uppei exti emit! it i\as cnculai and its diametei was 1 mm It 
lay dnectly unaei the peiicaidium, the nail of the auiiele nieasunng 3 5 nun 
Theie was a small hemoiihage close to the node In the subpencaidial fatty 
and connective tissue and also sometimes enci caching on the substance of the 
node itself, but confined almost wholly to the nodal aiea, theie neie many thm- 
walled blood vessel®, piobablv mflammatoi i oi degenei ative m ongin All of these, 
as well as the othei vessels seen m this senes, shoved veij maiked congestion A 
shoit distance below its uppei extienntv, the node lav 2 mm deep fiom the peii- 
caidium and pieciselv at the junction of the taenia tcinunalis and the atiium It 
measuied 4 by 0 5 nun , tlie long axis being paiallel to the peiicaidium The shape 
was loughly tnangulai, except that the angles i\cie much i ounded oil The 
stiuctuie of the node, aside fiom the abnoimahties noted, was noimal, both m 
the total quantity of muscle piesent and m the i elation of this amount to that 
of connectiie tissue An unusual aim pi ejected outwaid fiom its left boidei 
ton aid the peiicaidium, continued paiallel with it a shoit distance and nas 
finally lost m the musculai stiuctuie of the amide At a level still lonei, the 
node measuied 6 by 1 mm and lay only 0 5 nun fiom the peiicaidium The 
laigest piopoitions the node attained neie 6 5 by 1 5 mm, 13 74 mm fiom the 
uppei extienuty Fiom this point onvaid, the dimensions of the node became 
lapully l educed and the stiuctuie tenninated m a tail, the laigei pait of nlucli 
nas foimed of connective tissue 

The i elation of muscle to neives and ganglia was unusually close At all 
levels theie neie collections of ganglion cells m the space between the peiicaidium 
and the muscle layei Neive bundles, both small and l datively laige, neie found 
in the same situations and also nitluii the stiuctuie of the node itself About 
the neive ganglia and neive fibeis the lien -foimed, thin nailed bloodvessels, nlucli 
have been descnbed, weie found in lathei laige mnnbeis The aiteii, nlucli is 
so often found in l elation to the node, had at a low level a distinct i eduction 

in the diametei of the lumen due to an endaitentic piocess 'Jlus icssel slioned 

no othei point of mteiest except collections of smooth muscle fibeis ananged 

in bundles and megulaily distnbuted about the vessel as an external longitud- 

inal livei, sinulai to that nlucli has been obsened to lie about the cential lenous 
sinuses of the adicnal glands 

The Conduction System The block containing this sistem nas excised m the 
usual maniiei It nas cut m sections 12 mieions thick in a pi me at light angles 
to the long axis of the lieai t Eieiv fifth section nas mounted In the mtei 
aunculu septum both muscle tissue and fat slioned the piescnce of mam leuko 
cites and hmphoeites in gioups and also lung between the stiands of muscle 
fibeis Hie auiiculonodal junction nas of sufficient si/e but was inflamed The 
auiiculoientiiculai node nas of noimal si/e laige lathei than small, slion nig 
the chaiactenstic mtei lacing of the fibeis but pooiei m nuclei than is usual 
Theie nas a ianli well maiked inflammatoii piocess of the natuie descnbed 
and also model atelv huge collections of inllammaton cells nitlun the subsluice 


2 Heait 1^11 n 245 

3 I he length of the node m ano+hei heait neighing 800 gm ahead! lepoited 

(Heait, 1012 n 24) measuied 2155 mm Koch ( Med Kbit , 1011 Xo 12) 

gnes the length is about 3 cm but cites no specific examples 
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of the node A sinulai inflammaloi y lesion was also found neai the beginning 
of the main stem It lay 311st outside the bundle and extended a shoit distance 
along the sheath It did not compiess the bundle The main stem uas huge, 
well developed, noimal m appeal anee and intact fiom amides to ventucles Just 
befoie the division of the mam stem into the ventneulai blanches, tlieie was 
another aiea showing an infiltiation with leukocytes and lymphocytes Fiom 
the point of division onwaid, the branches, 11101 e especially the light, showed 
onlj r slight mflammatoiy lesions Both blanches weie noimal 111 size, the light 
a little largei than the left at the beginning 

RCsunu The smo aunculai node showed noimal relations between the 
amounts of connective tissue and muscle, tlieie was no scleiosis, but an mil am 
matoiy lesion m slight pait within the substance, but foi the most pait without, 
though m the neighborhood of the node The aunculoventiiculai node vas 
inflamed to a fai gi eater extent than the sinus node and contained abscess like 
bodies Similar smallei collections weie found m the main stem Congestion 
was a maiked feature of the lesion tlnoughout There was no bieak in continuity 
of the conduction system 

DISCUSSION AND SUMMARY 

A case is desonbed m which, while the patient was nndei obseivation, 
a sequential lhytlim changed to complete liregulanty of the caidiac 
mechanism, due to auricular iibi illation It is extiemely doubtful 
whethei the one-half diaelim of digitalis which the patient leceived 
could have been lesponsible foi the alteied lhytlnn, even if she had been 
gnen the diug befoie admission to the hospital, five days befoie Neither 
can the fall 111 ventucular late fiom 120 to 80, occumng with the onset 
of fibi illation, be ascubed to an admimsti ation of digitalis extending 
01 ei onh'- half a day The fall 111 late occun mg with the onset of aunc- 
ulai fibi illation is difficult to explain, but it occuis m otliei conditions 
of which we have only slight knowledge The action of stiophantlnn 
adnnnisteied intravenously was studied and showed a sti ikingly beneficial 
effect on the cn dilation and the subjective symptoms of the patient 
The post moitem examination showed a lesion of the smo-auiiculai node, 
but it cannot be definitely asseited that a relation exists between the 
legion descubed and the clinical liregulanty that was studied 


THE RELATION OF HEART-BLOCK TO LESIONS OF THE 
AURICULO VENTRICULAR BUNDLE, WITH 
REPORT OF A CASE 

HAROLD E B PARDEE, MD 

XEW VOMC 

In view of the piesent mteiest m tlie 1 elation of demonstiable ana- 
tomical changes in the aniieuloventiienlai conduction system to the 
changes m the function of this system, the piesent case may be found of 
mteiest It will sene as an instance of how extensive the anatomical 
dntm banco of the bundle may be without desti notion of its function 

CASE REPORT 

Histoiy — The patient enteied the New Yoik Hospital Mai eh 18, 1912, on 
the sci vice of Di LA Connei, to whose kindness I am indebted foi pei mission 
to use the ca c e lie was an Italian laboiei, aged 23 Veneieal infection was 
denied, noi was theie a histoiy of secondaiy oi teitiaij syphilitic manifesta- 
tions He had used consuleiable beei and whisky foi the last foui oi five yeais 
He had nevei had clioiea oi any iheunntic manifestations He had had typhoid 
fevei m late childhood, but otheiwise had always been healthy until the piesent 
illness 

r Jlnee months befoie admission to the hospital, both knees became painful, 
swollen and teiulei, and shoitly afteiwaid his wnsts, hands, shouldeis and ankles 
weie similaip aflected He felt fevei ish had consuleiable headache, and pei- 
spned ficelj lie was veiy weak and so piostiated that he lemamed m bed Soon 
aftei the onset of the joint symptoms he began to be Doubled by palpitation and 
model ate shoitness of bieatli, and theie was also a slight diy cough His con- 
dition had lemamed about the same until admission to the hospital 

Examination — On admission at 12 m, Ins lectal tempeiatuie was 98 4 F 
his pulse 82 pei minute, and his lespnations 20 pei minute He seemed noimal 
in appeal ance, but slightly djspneic llie skin and mucous membianes weie 
both pale and slightly subictenc Hie eyelids wane slightly edematous, the scleiae 
tamtly subictenc His ladial pulses w r eie equal legulai, full and of good ten- 
sion Hie vessel wall was slightly thickened, the pulse waie seemed to haie a 
slow, stiong impact and i slow fall Theie was no -venous engoigement 

'the caidiac impulse was felt diflusely m the fifth and sixth spaces the maxi- 
mum impact being in the sixth space, 13 cm to the left of the mid line Hie 
action was stiong and lieunng 84 beats pei minute and legulai Caidiac dnl 
ness extended to the light of the mid line 3 5 cm m the fouitli space and to 
the left of the mid line 15 cm m the sixth space, 12 cm in the fifth space 8 5 
cm in the foui th space, 7 cm in the thud space, and 2 5 cm in the second 
space A fine s-vstolie tin ill could be felt o\ei the upper pait of the sternum and 
in the -vessels of the neck The fiist sound at the apex was loud and booming 
and accompanied b\ a blowing sistohc mui mui of model ate inten=it\, well 
tiansnntted to the left The second sound was followed lmmediateh bv a low- 
pitched iitmbhng mm mui winch inn tlnough all of diastole except foi a veu 
bncf pause hefoic the fust sound These signs vuio localized o\ei an aiea about 


* Submitted foi publication, Apul 10 1913 
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5 cm in diametei about the apex unmilse Outside of this aiea loud blowing 
sistolic and diastolic miumuis weie lieai d At the base was a loud, loiudi 
sistohc murmui, best lieai d to tlie light of the sternum m the second space, 
tiansnntted m all duections, and lieai d in tlie vessels of the neck Tlieie was 
also a loud blowing diastolic muimui, lieai d best to the left of the sternum m 
the thud space, hut tiansnntted all oiei the piecoidium 

Theie was no defomnty of the bony thoi a\ The lungs sliowed no abnoimal 
signs The abdomen w r as soft and not distended hut was slightly tendei m the 
legion of the epigastiium Livei dulness extended fiom the sixth nb to tlie 
costal maigm m the mid clavieulai line The edge w r as indistinctly felt 5 cm 
below the tenth nb and was not tendei The spleen was not made out to he 
enlnged The inguinal lymph nodes wrnie slightly enlaiged and soft, hut else 
wdieie the nodes v'eie not enlaiged The fingeis showed faint capillaiy pulsa 
tion and a modeiate degiee of clubbing No pistol shot sound was lieai d oiei 
the femoial aitei^ Both w lists and ankles, though not swollen oi reddened, 
w r eie slightly painful on movement and tendei to piessuie Both knees weie 
model ately swollen, tendei and painful hut not leddened Thej contained some 
fluid and thickened synovial funges The legs below the knees weie slightly 
edematous The blood showed hemoglobin 64 pei cent (Salih), white blood 
coipuscles 17,700, poh moiplionucleais 84 pei cent, mononucleais 13 pei cent 
eosinophils 2 pei cent, basophils 1 pei cent The mine contained a veiy faint 
tiace of albumen, but no casts 

Management and Coinse — During the next foity eight houis the temperatuie 
vaned fiom 09 to 101 F The pulse, 96 and 90 beats pei minute on the day of 
admission, was SO dui mg the next day and 72 on the morning of the thud da^ 
It was always legulai, ana the late lemamed quite unifoim, showing no abiupt 
vanation, onh as noted, a giadual slowing 

He was kept continuously in bed Beginning on the morning of Maich 19 
he was gnen 30 giains of sodium salicylate and the same amount of sodium 
bicaibonate eveiy foui liouis Duiing the night of March 19 he pei spired 
piofusely On the moining of Maicli 20 his condition w T as noted to be mipioied 
Theie was piacticallj no dyspnea and the joints weie less painful 

At about 4 p m on Maicli 20 the patient complained of feeling veiy weak 
and became veiy pale He said he had neiei had such an attack before The 
ladial pulse was impel eeptible, tlie eaiotid pulsations and apex beat being 36 
to the minute The caidiac dulness and nimmuis weie unchanged Theie was 
no \ enous engoigement The patient w r as lj mg in bed and complained of no 
dispnea oi faintness but felt a slight piecoulial discomfoit, some pun in the 
epigastiium and great weakness At 5 15 he was gnen 1/50 giain of atiopm 
sulphate by Inpodeinnc, but without apiueciable effect on the symptoms oi 
pulse 

1'iom the onset of the attack the patient’s condition lemamed unchanged, 
the si mptoms being few and mild At 7 15, howevei, he became iei> dispneic 
and lestless and had the appeaiance of modeiatelj seveie shock The caidiac 
dulness now extended 4 5 cm to the light and Id" cm to the left in the sixth 
spice though the muimuis weie unchanged All oiei (he lungs weie lieai d 
\ei\ main fine and medium moist llles and he soon began to cough up small 
an ounts of tlun bloodi fluid containing iei\ little mucus At 7 30 he wa= 
guei 1/15 giain of stnchnm sulphate In lnpodeimic and the foot of lus bed 
was iaued He continued dispneic, coughing up bloodi material, though less 
iotle«s and at 9 p m was gnen Vi giain of moiplnn sulphate and 7 giains 
of caffe in sodio salici late In lnpodeimic At no time was lus radial pulse 
palpable though the heart continued to beat at the late of 30 to 32 pei minute 

At about 10 p m lus heait action became megulai the lriegulai iti consist 
mg in the fiequent occurience of coupled beats He seemed to be much bettei at 
this time being no longer lestless and baling less cough and dispnea The i lies 
in lus lungs weie al=o less numeious T 10 m 10 p m until 1 30 a m he continued 
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to impiove, the cougli was less fiequent and Ins discomfoit less The eaiotid 
pulse w as still slow and continued to show coup 7 ed beats Fiom 2 to 5 a m 
the patient slept On awakening at 5 a m his biaehial pulse was lecoided In 
the nuise as 20 pei minute, and his lespnations as 24 pei minute He seemed 
to he in good condition and did not complain of any discomfoit Shoith aftei 
this he was seen to sit up m bed and leach out foi something beside him He 
suddenlj cued out and fell back clutching at his piecoidium and was found 
to be dead 



,1 | T, 1 , 1, 1.1 .1.1 r». 1.1,1, 1,1 ,«,i nAAAAAAAiDOUD 

big 1 — Jugulai and eaiotid pulse tiacmgs showing complete lieait block, 
auncles G9 5 pei minute, eentucles 315 pei minute 

A polygiaphic lecoid of the jiigulat and carotid pulses, taken at 4 30 
p m , slioith r after the onset of the attack, showed that complete aunculo- 
ventuculai dissociation was piesent (Fig 1) The atuiculai late w r as 
69 5 pei minute, the ventneulai late 31 5 pei minute In Figuie 2, 
taken at 5 45 p m , one-half lioui aftei the admimstiation of the atiopm, 
the dissociation w r a« still complete The atuiculai late had mci eased to 
98 4 pei minute and the ventneulai late to 34 4 pei minute 



timmaagiia: aasg sggsgsssgij 

Fig 2 — liaang obtained one half liom aftei atiopm Complete block ‘•till 
pic-ent Auncles OS 4 pei minute Aentneles 34 4 pei minute 

In a tiacmg taken two houi s aftei the atiopm had been administered, 
and which it does not seem neces«ai} to lepioduce, some of the tagu« tone 
liad been legamed foi the auncles had slowed to 85 9 per minute and 
the \entncles to 32 1 pei minute 1 

1 It is of intei e«t to note tint though the aiineular i ite showed the mo-^t 
niaiked lesult fiom the pinhsis of the \agus endings still the \entncles «cemed 
also to be affected though to a much less extent 
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Frguie 3 is a curie taken at 10 30 p m, shoitly aftei the onset of 
the ailntlimia Fo definite amicnlai wares have been demonstrated 
in this jugular euive, but it is not felt that this must piove then absence, 
m view of the distortion of the curve by respnatoiy waves, and of the 
fact that even the ventricular waves aie not well marked The eaiotid 
curve shows that wliat would otherwise be a slow legulai lhythm of 
33 6 pei minute is five times irregularly intei mpted by beats following 
the lhythmie beats at intervals of 0 75 second, 0 84 second, 0 60 second, 
0 82 second and 0 82 second In each case the inter lupting beat is 
followed by a pause of the period of the rhythm , l e , about 1 80 seconds, 
except m the one instance in which the interrupting beat follows after 
0 60 second, and heie the succeeding pause is slightly shoiter than the 
lhythm interval If this coupling were due to the second beat being the 
lesult of a stimulus transmitted fiom a cooidmately con ti acting auricle 
we should expect to find a wave due to the auricular conti action occurnng 
at appioximately the same intei val before each of these beats We should 
furthei expect that the time intervals between these intei luptmg beats 
would be multiples of some smallei figure representing the auricular rate 






lug 3 — Tiacmg obtained aftei onset of ailijthmia, consideied to show 
intei i uption of the aentiiculai llijtlim of lieait block by venti lculai exti asystoles 
Figuies below eaiotid curve lepresent the pulse inteival m 01 second The 
timei maiks 1/5 second 

As neither of these conditions is fulfilled, it is not believed that ihe 
amide is responsible for their occurrence The facts could be best 
explained if complete heart-block were still present and the arthymia 
weie due to tentacular extrasystoles 

PATHOLOGICAL EXAMINATION 

Permission uas obtained foi only a paitial autopsy The findings, 
lepoited bi r Di William J Blsei, were as follows 

“Ihe pencaidul sac contained 30 c c of deal seious fluid The heait is 
nioder it eh enlaiged and all the chanibeis distended ba paitialla clotted blood 
'Ihe enlaigenient is due to dilatation and liapeitiopha of the left aentncle The 
otliei chanibeis aie model ateh dilated The mvocaidium is pale led m coloi 
opaque m appearance and of about nonnal consistence Theie aie no distinct 
focal Idsions T he nutial lake is noimal in appearance the nutial onfice does 
not seem to be enlarged The aortic \alie shows the tapical lesions of mahg 
n mt endocaiditis All the cusps are coaeied with a large a ellow ish win e 
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vegetation composed chiefly of fibnn The substance of the heait has been eioded 
The coiony aitenes-aie noinial The aich of the aoita is noinial The pulmonaiy 
and tncuspid valves aie noinial The lungs appeal to be edematous A blood 
cultuie made at autopsy horn the left median basilic vein was negative 

“A poll ion of the aoitic vegetation was lemoved and thoiouglily washed in 
steule watei It was then ciushed and agai plates made fiom it showed the 
giowtli of an oiganism wduch pioved to be stieptococcus logus ” 

The heait w r as immediately fixed in foimaldehj d Mullei ’s solution, washed 
and placed in alcohol Aftei fixation the bieadth of the auiiculo\entiiculai 
gioove postenoily w r as 9 5 cm The distance fiom the auiiculoventiiculai gioove 
to the apex was 14 cm antenoily and 10 cm postenoily The thickness of the wall 
of the left ventncle vaned fiom 16 cm to 1 8 cm , that of the light ventncle 
fiom 4 cm to G cm The papillaiy muscles of both sides vveie w r ell developed 
that of the left ventncle especially so 

The aoitic valves wane mai kedly involved in the piocess descnbed, as can 
be seen fiom luguie 4, a pliotogiapli of the block excised foi nnci oscopical 



big 4 — The block lemoved foi section of the auiiculoventiiculai sjs 
tern viewed fiom the left side M = eut edge aoitic cusp of mitral valve 
RP = light postenoi cusp of aoitic valve A = antenoi cusp of aoitic valve 
LP = left postenoi cusp of aoitic valve X = small aneuiysm of the wall of 
the aoita pist above the lei el of the aoitic valve S — S = plane of section The 
couise of the node and bundle is indicated by the maik below 7 the light postenor 
aoitic cusp 

examination of the auiiculoventiiculai bundle The left postenoi cusp was 
least imohed the antenoi cusp was most imolved Both the antenoi and the 
light postenoi cusps weie maikedlv thickened and the sinuses of Valsalva were 
almost obliteiated The heait tissue behind and below these cusps was also 
involved and was maikedlv calcified as was the tissue filling m the sinuses of 
Valsalva The aiea of calcification below the anterior cusp extended downward 
in the muscle of the intei ventnculai septum foi 10 mm, bulging beneath the 
endocardium 4 mm at the uppci pait and 2 mm at the lower The calcifica- 
tion did not appeal to extend below the lower limit of the light postenoi cusp 
l/io oscopical Examination — Pieces of tissue were lemoved foi nnci oscopical 
examination a« follows (1) a poition of the wall of the light auricle so a= to 
include the smo aunculai node (2) othci poitions of the wall of the auricles 
(3) the poitions of the intei uuncular and interv entnculai «epta which include 
the auiiculoventiiculai svstcin from the node to well bevond the branching 
(Fig 4) (4) poitions of the outei walls of the ventnele« and (5) poitions 




G46 


THE ARCHIVES OF INTERNAL MEDICINE 


of the base of the papilhny muscles The blocks containing the smoaimculai 
node and the auiiculoventnculai system weie imbedded m celloulin paiaffin and 
cut m senal sections The otliei tissues weie cut with the freezing nnciotome 
The walls of the smallei aitenes and aitenoles thioughout the lieai t did not 
seem abr.onnal The ca]iillanes weie eveiywheie distended with blood and m 
places small extiavasations had occuned into the tissues The caidiac muscle 
m the left amide and especially in the left ventnele and in the intei ventuculai 
septum showed a ctifiuse mciease m the cells of the intei stitial tissue, these being 
foi the most pait lound cells though tlieie weie many endothelial and poly 
moi phonucleai leukocytes In the left ventnele and especially in the septum, 
weie patches of old myoeaiditis wheie the muscle fiheis weie entnely destioyed 
These aieas contained many fibi oblasts and an mci eased amount of connective 
tissue hbnls, hut no leukocytes These aieas weie especially numeious and 
extensive at the basal pait of the intei ventuculai septum The muscle of the 
light aunele and ventnele was moie noimal showing hut a small numbei of 



l'ig 5 — Pioiection dinning of a section showing at X the piobable extent 
of desti action of bundle tissue Fibious tissue is black Muscle tissue white 
Aeciotic matenal shaded AS = am iculai septum M = nutial valie EP = 
neciotic tocu« below light postenoi aoitic cusp SM = septum menibi anaceuni 
f — ti lcuspid i alve A = neciotic focus beloiv antenoi aoitic cusp VS — 
ventuculai septum 

lound cells in the intei «titial tissue and only an occasional leukocyte The 
papilla] \ muscles showed a few lound cells in the intei stitial tissue, and the 
mu«cle hbeis beneith the endocauliuni weie maikedlj vacuolited so that the 
saicoplism was it times almost entnelv gone f om the cential pait of the fibei, 
leaving the nucleus suppoited bv stiands extending m fiom the penpheiy TIie 
nuclei seemed unclnnged The sino aunculai node seemed to be noimal, though 
pos-iblv the fibious tissue was veiv sliglitlv mci eased in amount r lhe fibei s 
weie well stnated and tlieie weie no leukoevtes found heie 

Yen maihed and extensive ch mges weie found in the aui lculov enti iculai 
svslem At 3 mm bevond its oiigm fiom the node, the am iculoventi iculai 
bundle became involved in the extensne focus which has been descnbed involv 
li.g the light postenoi aoitic cusp This focus extended into the cential fibious 
boclv of the heart between the attachment of the antenoi cusp of the initial 
valve below and postenoilv and the septum membi anaceuni above and anteiioilv, 
but himr lienei to the foimei than to the lattei It extended m the fibious 
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body fiom the uppei level of tlie light postei 101 aoitic cusp, downwaid to the 
uppei Ie% el of the mtei ventuculai septum ping just beneath (to the light of) 
the endocai diuni of the aoitic vestibule The tissue imolved w as neciotic and 
m pait calcified Foi 3 3 mm of its eouise the bundle passed along the light 
aspect of this focus — the side away fiom the endocai dium — and became imohed 
in it so that about one half of its thickness was destioaed The conditions mat 
he bettei undei stood by a lefeience to Figuie 5 in which the piobable e\tent 
of the destioyed tissue is indicated, and to Figuie 4, m which the eouise of 
the bundle is maiked as if seen tlnough the heait tissue Hie non calcified aieas 
of this focus weie thickly infiltiated with lound cells and polj moi phonucleai 
leukocytes and this cellu3ai mftltiation extended into the adjacent tissues, into 
the fibious tissue of the cential fibious body, into the muscle of the aunculai 
septum above into the muscle of the ventuculai septum below and into the 
aunculoventiiculai bundle udieie this ciosses tlnough the fibious hodj fiom light 
to left 

Thus, besides the actual destitution of the tissue of the bundle, which must 
fiom the natuie of the changes have been of considei able duiation, tlieie weie 
indications of a moie acute piocess tlnoughout the bundle and the node Hus 
was piohahly caused by the stieptoeoceus which w 7 as affecting the neighhoiing 
\alve Ilieie was a diffuse and maiked mfiltiation by pol^moi phonucleai and 
endothelial leukocytes with a laige nuinhei of fibioblasts Ilns mfiltiation was 
most maiked opposite to the eioded poition of the bundle and heie the poly- 
moi phonucleai cells weie in excess Elsewheie mononucleai cells pi edonnnated 
In the neighboihood of aieas of dense connective tissue the fibioblasts seemed to 
he especially numeious =o that the mfiltiation wans veiy maiked along the left 
aspect of the aunculoventiiculai node wheie it lay against the cential fibious 
body and in the lattei eouise of the bundle and m the light blanch, wheie the 
fibious tissue septa weie moie numeious The mfiltiation by leukocytes and 
lound cells extended into the mam blanches of the bundle, and w 7 as well maiked 
as fai as these w'eie followed The node and the poition of the bundle lie's ond 
the eiosion seemed to he edematous Hie communication between the nuncle 
and the node was unintei lupted though imolved m the mfiammatoi's pioccss 

DISCUSSION 

A Ye may considei, then, that when the patient hist came unclei ob^ei- 
vation, Ins aunculoventiiculai conducting system was functionating noi- 
mally, oi at least that impulses weie being tiansnutted regulail) fiom 
auncle to aentncle 2 

In accoi dance wuth this, his pulse w r as legnlai and became slowei 
undei the influence of lest m bed quite as was to be expected He then 
dei eloped complete aunculoventiiculai dissociation, which pemsted aftei 
the vagus was pai alyzed by atiopin, and continued foi tin: teen houis 
until Ins death Post moitein examination showed that the aunculo- 
lentnculai bundle was nnolied m a chionic destiuctne piocess and 
besides this both node and bundle showed an extensile diffuse acute 
inflammation 

2 r J hough it cannot he denied tint the patient ma\ naie shown lessei 
degiees of heait-hlock i e diopped heat® oi mcreised conduction time befoie 
the penod of ohsen ition began this is not eon«ideicd to he piohihle In sup 
poit of this assumption is the fict that he was fiee fiom arln thinia foi fifta- 
two houis befoie complete dissoci ition «et m — the time when i latent tendenc\ 
to block would line been most hkeh to become e\ ident 
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The point to be emphasized heie is that though the diffuse acute 
inflammation lesulted m complete aunculoventnculai dissociation, yet 
the bundle had been extensively involved m a chronic process — only 
one-half of its transverse section lemammg throughout about 2 111m of 
its couise Though it had been in this condition foi weeks, or moie 
piobablv for months, yet the patient had nevei had symptoms which 
would lead us to believe that it had ceased to function, and moi eoi ei he 
showed no signs of heart-block for fifty-two hours befoie complete dis- 
sociation supervened 

Following the very interesting results which Erlanger obtained bv 
compression of the auiiculoventncular bundle, 111 which the degiee of 
functional disability seemed to be par allel with the degiee of trauma, 
attempts weie made to con elate with these lesults the post moitem 
findings from clinical material These attempts have been successful 111 
one particular No cases of complete destruction of a transveise section 
of the bundle hare been repoited m which there was not complete 
aunculoventiieulai dissociation Ten such cases have been found m the 
literatuie Bonnigei and Monckebuig 3 repoit two cases, Hemecke, Mullei 
and Hosslem , 4 Monrad "Kaolin , 5 Nagayo , 6 Yaquez and Esmein,' Fahr s 
and Cohn and Lewis 0 each repoit one m which tlie condition of the 
bundle vas shown by serial sections Jellmeck, Coopei and Ophuls , 10 and 
Oddo and Sauvan 11 hare repoited eases 111 which an extensive mfaict 
and a hemonhage, respectively, involved the septum m the bundle legion 
and must surely have included it The cases of Armstiong and Moncke- 
berg 12 and of Cohn and Lewis 13 should be included m this gioup foi a 
lymphangio-endothelioma m the one case, and an aneuiysin m the other, 
was found m the auricular septum, completely sepaiatmg the node fiom 
the auricular musculatui e and inducing complete aunculoventiieulai 
dissociation 14 

S Bonmnger and Monckebuig Deutscli med Wclmscln , 190S, Ko 11 , 298 

4 Hemcke, Muller and Hosslem Deutscli Aicli f klm Med , 1908, xcm, 

459 

5 Kiolm Monrad Arch de mal du coeui, 1911, iv 350 

G Naga\ o Ztsclir f klm Med , 1909, lv\ 11 , 495 

7 t aquez and Esmem Bull et m6m Soc med d hop de Paris, 1907 
Senes 3, \\n, 7S 

S lahr Virchows Aicli f path Anat , 1907, cKvs.mii, 5G2 

9 Colin and Leu is Heart, 1912, i\, 15 

10 Jellmeck Cooper and Ophuls Brit Med Jour, 1908, l, 79G 

11 Oddo and Sam an Maiseilles mCd 1907, xliv, 443 

12 Armstrong and Monckeberg Deutscli Arch f him Med, 1911 cn, 144 

13 Cohn and Leu is Heait 1912, n 15 

14 Hie ca=e of Cohn and Lewis is mentioned twice lieie since it showed both 
complete mteriuption of continuitc of the bundle and complete separation of 
the node fiom the auricular muscle 
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Opposed to these findings, six eases have been repoited m which serial 
sections have shown that theie was no lesion of the conducting system 
though various degrees of block were present before death In the cases 
of Fahr , 8 Krumbhaai , 10 of Price and Mackenzie 10 and of Holst and 
Krohn , 17 the block was complete In that of Mollard, Dumas and 
Rebattu 18 it was paitial, while in that of Monrad Krohn 5 the degree 
was not definitely stated, but was probably complete 

Intermediate degrees of bundle involvement have been found m cases 
showing both partial and complete heart-block. Some of them have 
shown very considerable lesions of the bundle with maiked destruction of 
its tissue due to chionic inflammatory processes, and these cases have 
shown the higher grades of block, usually complete Where still less 
marked pathological changes were found, almost minimal at times, com- 
plete heart-block has been present m six cases and partial block m four 
These are tabulated with their histological changes m detail for moie 
lead} companson 

Cases Showing Complete Heart-Block 
Cohn, Holmes and Lewis Node is normal except foi a few strands of dense 
hyaline connective tissue and a model ate amount of fatty infiltration The 
bundle is invaded by dense strands of connective tissue fiom the septum mem- 
branaceum There is moderate fatty infiltration of the bundle Large blood 
sinuses seriously reduce the diameter of the bundle but there aie no signs of 
an mflammatoiy origin of these The connective tissue within the bundle is 
mci eased Heait, 1911, n, 241 

Herxheimer and Kohl The node shows a slight increase in connective tis- 
sue and a few round cells between the fibers The bundle shows no change, but 
the fibrous tissue of the septum membranaceum is m part calcified Deutscli 
Arch f klin Med , 1910, xcvm, 330 

Pibram, Koch and Kahn The artery to the septum shows lij aline degener- 
ation of its wall and m the neighborhood of this the node is somewhat sclerotic 
There is an evident increase m fatty tissue m the node and bundle and there is 
an aiea of lymphocytic infiltration in the bundle The muscle fibeis of the node 
and bundle appear normal Berl klm Wehnschr , 1910, xlvn, 1108 

Flemming and Kennedy Node and first part of bundle involved in a well- 
marked inflammation Show markedly congested capillaries and a few foci of 
lound cells mostly lymphocytes, but a few large mononueleai cells of fixed 
tissue origin One large focus m beginning of bundle, mostly lymphocytes, but 
a few large mononuclear cells and some polymorphonuclear leukocjtes, appears 
to damage the fibers passing through it There are a number of similar foci m 
auricle bordering on node These lesions do not involve a great extent of bundle 
tissue Heait, 1910, h, 77 

Beck and Stokes Bundle beset by numeious hemorrhages and its branches 
show moderate purulent infiltration The bundle fibers are separated and sur- 
lounded by connective tissue containing many fibroblasts, lymphocytes and a 
few polymorphonuclear leukocytes Jour Am Med Assn , 1910, lv, 1005 

Hay and Moore Artery to node and bundle is atheromatous There are 
patches of a recent inflammatory process where the bundle perforates the central 

15 lvrumbhaai The Archives Ixt Mfd , 1910, v, 5S3 
10 Price and Mackenzie Heart, 1912 in, 233 
17 Holst and Krohn Quart Jour Med , 1911, iv, 49S 
IS Mollard, Dumas and Bebattu Arch d mal du coer , 1911, i\, 29S 
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fibious body — cells lesolving into fibroblasts This process is patchy m dis- 
tubution and does not extend throughout the whole bundle Lancet, London, 
1906, n, 1271 


Cases Showing Partial Heart-Block 

Gerhardt The part of the bundle which ciosses through fibious body shows 
noi mal muscle fibers, but an extensive eellulai mfiltiation most marked in the 
immediate neighborhood of the blood vessels The larger vessels which enter 
the bundle show a marked thickening of the interior so that the lumen of the 
larger vessels is markedly narrowed Deutsch Arch f klm Med , 1908, xcm, 
485 

Griffith and Cohn Endaiteritis of vessels of node and septum diminishing 
their caliber so that some are entirely occluded Scattered gioups of lymphocytes 
in interventricular septum about node and to less extent within it Connective 
tissue strands separating muscle bundles of mam stem In portions of bundle 
“granulation tissue with numerous lymphocytes ” Diameter of bundle reduced 
and fibers compressed Quart Jour Med , 1910, in, 126 

Cowan, Kennedy, Paterson and Teacher Well-marked congestion of node and 
bundle Three foci of round cells within bundle, all fairly small, cells mostly 
lymphocytes, but a few larger new connective tissue cells Fibers of bundle show 
degeneration in neighborhood of two larger foci, but are otherwise normal Quart 
Jour Med , 1911, iv, 35 

Butterfield The node is deeply involved m the morbid process (general 
acute inflammation of heart substance ) , particularly m neighborhood of fibrous 
body where the normal appearances were completely obscured by a dense eellulai 
infiltration of lymphocytes, leukocytes and large mononuclear cells Throughout 
the remainder of the node and bundle every vessel was surrounded by an mfil- 
tiation composed almost entirely of lymphocytes Heart, 1912, m, 233 

It is always necessary, m compaimg tlie histological reports of differ- 
ent observers, to bear m mind the varying importance which may be 
ascribed to certain findings, m this instance as to whether the amount 
of fibrous tissue or of fatty tissue exceeds the normal and whethei dis- 
tended capillaries signify anything more than ante mortem or post 
mortem stasis The node and bundle lie m proximity to the fibrous 
rmg, which besides forming a sheath about the bundle and its branches, 
sends dense septa into them, while the node has a loose reticular struc- 
ture the spaces of which are occupied by connective tissue fibrils Both 
node and bundle normally contain a certain number of fat cells, and these 
are known to vary m amount with age, 10 and presumably vary also with 
individuals Beferrmg then to USTote 19, it is seen that the pathological 
changes of those cases showing complete dissociation are not more marked 
than of those showing but partial dissociation In fact, all of the cases 
m the second group of partial block show more marked changes than the 
first three in the first group of complete block 

The present case, consideied before the onset of the acute inflam- 
mation, is the only one so far reported m which there was extensive 
destruction of bundle tissue -without evidences of heart-block The 

19 Monckeberg Untersucliungen ubei das atrio ventricular Bfindel, Jena, 
1908 
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explanation of tins is thought to lie only m the fact that the auneulo- 
ventricular system is not usually examined unless theie aie evident signs 
of heart-block 

CONCLUSIONS 

From a consideration of the above facts it is believed that complete 
or veijr extensive destruction of the tissues of the conducting system will 
lesult m complete heart-block Lessei degrees of destruction 01 varying 
degrees of involvement of the tissues m other pathological processes, such 
as fibiosis, lymphocytic, leukocytic 01 fatty infiltration, may produce (1) 
complete heart-block, (2) partial block with 2 to 1 oi 3 to 1 rhythm or 
dropped beats, or (3) asm the present case, no block at all It appears 
that the cases with the lnghei degrees of block do not necessarily show 
marked lesions, and vice veisa , and that, moieover, complete dissociation 
may occui with no demonstrable changes m the conducting system 

Clinically, then, the functional capacity does not vary solely with the 
extent oi severity of the anatomical changes m the auriculoventnculai 
node and bundle, a result indeed, which might be expected from a con- 
sideiation of the pathological physiology of other organs This statement 
is not considered as at all contrary to Erlanger’s results, for, since these 
weie obtained m healthy animals, the tiauma was the only factor affect- 
ing the junctional tissues 

As to what the clinical factois are which influence this functional 
capacity, we know veiy little We know, however, from animal experi- 
mentation, that certain drugs, as well as asphyxia and increased activity 
of the vagus nerve, possess the power of depiessmg it By analogy it 
might he supposed that the toxms of pathogenic bacteria or of faulty 
metabolism, oi a deficient blood-supply (local asphyxia 9 ), due to 
endarteritis or to a failing circulation would also affect it The case of 
Price and Mackenzie, 10 m which complete heart-block developed m the 
course of diphtheria, as well as Krumbhaar’s 15 case, which followed 
typhoid fevei, aie believed to be instances of the toxic type Though 
numerous cases have been leported as occui ring m the acute infectious 
diseases as well as m malaria and diabetes mellitus, still, as they have not 
been accompanied by autopsy repoits to prove the bundle to be intact, 
we can obtam fiom them only presumptive evidence of the action of the 
lespective toxic substances No instance has been found m which end- 
arteritis could be ascribed as the sole cause of heart-block on account of 
the fibrosis which keeps pace with this process The observation of 
Kobmson, 20 that some degree of heart-block was present m five of seven 
cases m which records were taken of the dying heart, is considered an 
instance of the cnculatory type as well as the fact, often noted m the 

20 Robinson Jour E\per Med, 1912, xu, 291 
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wards, that patients showing partial block when m a poor state of com- 
pensation often fail to show this when their condition has improved It 
is questionable if vagus activity can be sufficiently increased clinically to 
be the sole cause of heart-block, though its action m the case of digitalis 
on a predisposed heart is well known Ho conclusive case of this type 
has so far been reported 

SUMMARY 

1 A patient with aortic and mitral insufficiency and normal heart 
action developed complete heart-block and died 

2 Autopsy showed a streptococcus endocarditis superposed on a 
chrome process of the aortic valve which had involved the substance of 
the heart 

3 The auriculo ventricular bundle had been destroyed for one-half 
of its transverse section by the chronic process, but this, so fai as known, 
had never produced heart-block 

4 Complete heart-block was produced by an involvement of the 
aunculoventricular system throughout its whole extent m an acute 
inflammation 

5 The extent of the lesion of the bundle m the cases which have been 
previously repoited is contrasted with the degree of heart-block which 
was present at death 

6 It is concluded that the extent of the anatomical changes is not 
the only factor which induces heart-block 

7 Bacterial and metabolic toxins and deficient local blood-supply aie 
suggested as accessory factois which, m certain circumstances, might 
act alone 
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of the so-called hematogenous inflammations of the 
r grouped as Bright’s disease, have been made from five 
biological , 2, pathogenetic or lnstogenetic , 3, functional 
4, clinical (according to the symptom complex) , 5, 
Lccordmg to the topogiaphy or (b) according to the 
latomieal changes 

orrelation of several of these principles have also been 
y the clinical and anatomical and the etiological and 
sifications have been closely identified But the diffi- 
lcations which are associated with these imperfect com- 
eently led to a desire for simple and uniform methods 

[ be made m the following lines to present a critical 
[assifications, the evidence which has been advanced m 
l to draw attention to some cironeous anatomical and 
ations which have acquired importance m the discussion 
Finally, I piopose to discuss just how far a classifica- 
ey lesions seems practically possible 

I 

r THE ETIOLOGICAL CLASSIFICATION 
1 classification of nephritis has not enjoyed much con- 
nt on the part of the pathologists It has neiei been 
jst known works on pathology or medicine In 1905, 
ei, 1 m his admirable review of Bright’s disease before 
ological Society, revived intei est it Muller proposed 
etiological classification for the present anatomical one 
at anatomical lesions are not within the possibility of 
l bj 7 the physician The etiological classification, how- 
d almost directly on the expenence and observation at 
appears therefoie better adapted for the needs of the 


ssell Sage Institute of Pathology, Isew York 
• publication April 4 1913 

Morbus Brightu Yerliandl d deutscli path Ge^ellsch , 
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But Muller was conscious of the difficulty of this undei taking, foi 
he added guardedly that such a classification could plainly be of use only, 
if the different intoxications and infections always produced characteristic 
changes m the kidney In outlining this classification, Muller stated that 
it was based to a great extent on personal observations, and he was con- 
scious that the chronic types of nephritis could not, on account of then 
complexity, be included m this scheme 

As was natural, therefore, Muller s recommendations were leceived 
with much reserve by both pathologists and clinicians Indeed, collective 
experience points to the untenability of this principle, even for the so- 
called acute inflammations of the kidney 

It is true that m cholera and mercuric bichlorid poisoning the kidney 
changes are regarded by some as absolutely characteristic, but even if 
this should be true (and it has not been established beyond all doubt), 
these are the only two for which such a claim may reasonably be made 
We know that the majority of all infections and intoxications does not 
show specific characteristics 

In a previous communication 2 I enumerated several years ago those 
infections, which, m my experience, may lead to anatomically similai 
lesions, these are the general and local streptococcus diseases angina 
pharyngis, tonsillitis, otitis media and others, furthei, recent syphilis, 
the exanthemata and contrary to general belief, pneumonia Quite 
lecently, Fahr 3 stimulated by Mullei’s remarks, after a more detailed 
investigation, aruved at very similar conclusions It is interesting that 
he, as well as Kretzschmar , 4 apparently ignorant of my statements, also 
report the frequent occurrence of severe nephritis in pneumonia Indeed, 
the high frequency obseived by Kretzschmar has been doubted by others 
But this difference of opinion may be explained by the fact that one and 
the same infectious disease, particularly if epidemic m its appearance, 
may at different times produce very variable results In the New York 
epidemic of pneumonia, which occurred about five years ago with a high 
death rate, the disease manifested throughout a general septic character 
It was associated with purulent pericarditis m an extraordinary degree 
(almost the rule at autopsy), and generally complicated by severe 
nephritis In sporadic cases these are observed much more infrequently 
The difference of opinion regarding the charaetei of nephritis m pneu- 
monia is undoubtedly due to the variety of lesions the disease produces 
undei different conditions Aschoff states that the pneumococcus causes 

2 Oertel, H The Anatomic Histological Processes of Bright’s Disease 
Saunders Co , Phila and London, 1910, p 67 

3 Fahr Konnen wir die Nierenkranklieiten nach aetiologischen Gesiclit- 
spunkten emtlieilen Virchows Arch f path Anat , 1912, ccx, Ho 2 (Litera- 
ture) 

4 Kretzschmar Cited by Fahr, Note 3 
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a tubular neplmtis Muller also states that the epithelium only is 
involved and the glomeruli left free, while others repoit with equai 
positiveness the occunence of interstitial and even hemorrhagic nephritis 
I have been able to observe, by fortune of a large pneumonia material, 
the possibility of all these lesions This example illustrates in regard to 
the pneumococcus and the kidney what has been known m regard to 
othei oigamsms and organs, namely, that different etiological factors 
may produce anatomically similar lesions, but that the same etiological 
factor causes at different times very different lesions 

These experiences fully agree with the well-known observations of 
Asch 5 and others, that the structural and consequently functional changes 
m the kidney during an infection vary with the presence and location 
of bacteria and soluble or non-soluble toxins, which m one case may 
produce necrosis of the epithelium, m anothei exudation or interstitial 
leukocytic infiltration, or finally, a hyaline and amyloid degeneration of 
the vessel walls To these must be added further the virulence of bac- 
tenal strains, the reactive ability and peculiarity of the individual and 
the mechanical conditions imposed by the structural anangement of the 
kidney, which are very apt to influence the distribution of bacteria and 
toxins 

Finally, we must consider the importance of mixed infections It is 
hardly necessary to discuss this well-known point m this connection 
Everyone is acquainted with the influence which mixed infections exert 
on the manifestations of even etiologically well established diseases 

The true pathogenetic significance of the tubercle bacillus is as much 
under discussion m regard to the kidney as elsewhere Senator held that 
the nephritis m tuberculosis was a chronic parenchymatous nephritis 
Er Muller finds it sufficiently characteristic to separate it from other 
forms, and treats it as specific nephritis, while recently Eischer and Eahr 3 
doubt entirely the existence of a tuberculous nephutis without mixed 
infection Eren if this latter view is deemed too radical it remains 
ceitara that m at least many instances it is impossible to separate the 
effects of the tubeicle bacillus from those of the almost always accom- 
panying streptococcus infection Thus it would appear that the eti- 
ological classification is open to objection, even in diseases whose etiology 
has been established "Wherever the etiological classification has succeeded 
m entirely displacing anatomical conceptions it ha* led to much con- 
fusion As example, our ideas of what is meant by diphtheritic or 
tubeiculous inflammations are extremely indefinite, and really more con- 
fused than formeily, when simple descnptire terms were m more general 

o Asch Ueber den Emfiuss der baktermllen StofTwechselprodul te auf die 
Xiere Strassburg 1C04 L Beust 
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use Etiological terms are insufficient unless qualified by others , 6 cleaily 
then, the etiology alone can m no instance serve as a basis for 
classification 

II THE PATHOGENETIC AND HISTOGENETIC CLASSIFICATION 

The question whether inflammations of the kidney may be classified 
according to their genesis is both old and new Two subdivisions of this 
question arise first, is it possible to determine with sufficient accuiacy 
the genesis of every nephritis, and secondly, does an established nephutis 
retain the features of its development sufficiently to give it a distinct 
anatomical and functional character This last point is of great conse- 
quence to the physician, because he deals almost always with established 
inflammations Eoi instance, one would be [justified to speak of paren- 
chymatous nephritis if a nephutis which commenced with involvement 
of the parenchyma would retain the paienchymatous alterations to the 
exclusion or at least indisputable subordination of all othei accompany- 
ing processes 

Virchow, 7 as is well known, combined a definite pathogenetic mean- 
ing with his ideas of parenchymatous nephritis A parenchymatous 
inflammation represented to him a degeneiative nutritive disturbance of 
cells excited by an excess of nutrient matenal In his opinion, this con- 
trolled the whole inflammatory process, parenchymatous degeneration 
was the expression of inflammation Virchow, therefore, had a peifect 
light to speak of parenchymatous inflammation, because he believed that 
the origin and course of the disease rested solely m the parenchymatous 
changes On the other hand, his contemporary opponents m this mattei 
championed, much like the older pathologists (Vogel’s definition inflam- 
mation = capillary hyperemia -J- hydrops fibrmosus), the interstitial 
vascular genesis and character of the inflammatory process But they, 
like Traube for instance, employed their idea of inflammation m a 
manner similar to Virchow Bor, while Traube differentiated between a 
circumcapsular and mtertubular nephritis, he neglected and even denied 
any parenchymatous involvement As early as 1860, Traube 8 declared 
with considerable pride that he had been the first to deny the existence 
of parenchymatous nephritis In other words, the adherents of the 
genetic classification were divided, one might say, from the veiy start, 
and it may be added, from their standpoints justly so, because their 
ideas of the fundamental character of inflammation differed These 

6 See my discussion on cynanche contagiosa m the New York City Hospital 
Medical and Surgical Report I, 1909, p 213 and ff 

7 Virchow Ueher parenchymatose Entzundung Virchow’s Arch f path 
Anat , 1852, iv, 261 

S Traube Ueber den Zusamnierliang \on Herz und Nierenkrankheiten, etc , 
in Gesammelte Beitr lge, n, 970 
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differences have become only more accentuated since Indeed, "Virchow 
was consequent enough and never regarded any interstitial process m 
nephritis as an inflammatory phenomenon, but as a process of repan It 
will, therefore, be seen that the ideas of Aschoff m this regard aie very 
similar to what Yirchow held m 1852 

These views hat e neveT been reconciled by later investigators, although 
many attempts have been made from Eosenstem’s 0 time to the piesent 
Both ideas, Yrrehow’s and Traube’s, contained much truth, hut not all 
the truth, and, as is not infrequent under such conditions, both were 
accepted and continued on authority of tradition unfortunately as types 
of inflammation instead of evidences of the inflammatory process Thus 
originated and continued the contrast of parenchymatous and interstitial 
inflammations Indeed, the most recent ideas of inflammation are as 
diametrically opposed as they ever were, while some still continue to 
speak of parenchymatous inflammation, although m a somewhat different 
sense from Yir chow’s, others have adopted a teleological conception , they 
regard, again, much like the older writers, only the reactne exudative 
changes as inflammatory and exclude all degenerative and proliferative 
changes entirely This is opposed by a third group of pathologists, who 
hold that only the combination of, and intimate correlation of alterative, 
exudative and proliferative changes constitute inflammation This group 
eliminates the conception of parenchymatous inflammation entirely and 
separates all nutritive and alterative changes from the inflammatory con- 
ception unless combined with exudative and proliferative changes A 
last group of pathologists regards the inflammatory conception m a still 
broader and less restricted sense, purely objectively as the sum total of 
genetically closely related and allied processes which are the lesults of 
certain irritants and which present passive and reactive featuies m 
varymg combinations This is not the place to enter into the details or 
the merits of these opinions They are mentioned here to demonstrate 
that not only m regard to the genesis of nephritis, but to the very nature 
of inflammation there e'xist wide differences of opinion which defeat any 
attempt at a genetic classification On one point, however, pathologists 
agree to-day — that any established nephritis (possibly with the exception 
of the so-called interstitial nephritis) is a diffuse affection of all kidney 
structures, but m an uneven degree Thus whatever views were held of 
the genesis of neplmtis, the terms parenchymatous and inteistitial 
acquired gradually a purely descriptive or topographical significance 
This is best illustrated by Orth s 9 10 position He states * 

I hold it justifiable to speak of various forms of kidney inflammation, 
because the different constituents of the kidney are concerned m a most unequal 

9 Rosenstcm Die Pathologic und Therapie der Xierenkrankheiten 1SG3 
and 1S94 

10 Orth Lehrbuch der speciellen pathologischen Anatomic 1S93, n 47 
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inannei Following, therefore, the principle “a potion fit denomination I go 
so far as to acknowledge a pai enchymatous, interstitial and glomerulonephritis 
But it must be remembered that no sharp line of demarcation between them is 
possible, and that their combinations are frequent findings 

Fr Mullei, finally, makes the remarkable but true statement, that 
these terms are used at present not so much to designate an anatomical 
condition, but rather a clinical. picture 

This confusion of uncertam teleological conceptions, anatomical teims 
and clinical pictures, has necessanly led to hopeless disagreement, and 
Heubner declares that the majority of cases of chronic nephritis m prac- 
tice do not fit in the ordinary scheme and are atypical 

It has already been mentioned that Muller endeavored to introduce 
the etiological principle with the purpose of preventing further con- 
fusion, which is very apt to contmue by the use of old or altered terms 
But it has been seen that this latter offers no more hope for a useful 
classification than does the genetic one 

III THE FUNCTIONAL OR PHYSIOLOGICAL AND CLINICAL CLASSIFICATIONS 
AND THE RELATION OF ANATOMICAL TO FUNCTIONAL 

CHANGES 

Functional and clinical classifications of nephritis aie strictly speak- 
ing not identical, although we shall consider them together for con- 
venience sake The functional takes into account only the altered kidney 
actions, while the clinical bases its views on the symptom complex, that 
is the sum total of all functional disturbances m the whole body which 
accompany or are resultants of the kidney disease 

It would appear from the start that both these methods of classifica- 
tion are beset with difficulties by reason of our limited knowledge of the 
normal kidney function and the even greater complexity and uncertainty 
of pathological functions and relations Furthermore, the variability 
and lack of constancy on the part of the clinical symptoms would be an 
additional handicap to a clinical classification 

Nevertheless, both have acquired considerable importance lately, and 
an effort has been made to establish a functional differentiation of 
kidney disease It must therefore be considered m some detail In this 
connection we must first touch on certain erroneous conceptions which 
have resulted from a rather indiscriminate use of anatomical terms It 
has become the custom to speak of vascular and tubular nephritis very 
much as formerly of parenchymatous and mterestitial, in a contrasting 
sense, and to draw a sharp distinction between glomerulo and tubulai 
nephritis The most elaboiate and ingenious distinction between the two 
forms the basis of Schlayefs views and those of his co-workers Now it 
cannot be sufficiently emphasized that every nephritis, be it the product 
of poisons, or toxins, or whatever else, involves, if one considers time 
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and topographical action of nntants, all structures of the kidney It 
coneet, however, that these stiuctmes aie affected m an unequal quanti- 
tative and qualitative manner 11 

In corrosive sublimate poisoning, for instance, the parenchyma cells 
suffer very severely and conspicuously from the beginning, but there 
exists also capillary hyperemia and edema They are followed rapidly by 
cellular exudation and proliferation How it is held by some that these 
changes are primarily not mflammatoiy, but purely degenerative, and 
that this kidney lesion is a nephrosis and later an inflammatory nephrosis 
In order to make this plausible it becomes necessary to disregard the 
capillary hyperemia m the beginning entirely and to look on the initial 
edema as non-mflammatory, but of a peculiar specific type (Hemeke 
and Marchand 12 ) Does this explanation not seem forced ? Do we not 
come nearei an understanding of the actual occuirence if we regard eacfi 
of these evidences as an integral part of a unit, namely, what is generally 
spoken of as inflammatory process ? We may, if we please, treat the 
components of this process separately for the sake of study, but is it a 
gam to regard them as entities ? They do not present themselves as 
independent piocesses, but occur m definite genetic progiession and 
relation Modifications in their appearance are due to time and topo- 
graphical conditions rather than to deep-seated changes m charactei 
It is, therefore, a mistake to assume that m what is described as glom- 
erulo or tubular nephritis, or m a nephrosis only parts of the kidney 
suffer and others may escape Hoi can it be claimed that it adds to 
clearness to know that a patient suffers primarily from a pure nephrosis 
and shortly afterwards from an mflammatoiy nephrosis 13 

But it may further be urged that there exist many kidney injuries 
due to toxins, etc , m which one of the important parts of the kidney — 
vascular or tubular — is relatively unmvolved That is true, but it would 
be another error to conclude that relatively slight morphological changes 
are equal to negligible functional disturbances or that apparently well- 
defined morphological alterations are always equal to great functional 
disturbances Pearce, who of the experimentalists is perhaps the most 
caieful one not to lose touch with the morphological side of the question, 
showed with Eisenbrey 14 that nephrotoxic and hemotytic immune seia 
cause changes, which, by physiological methods present no evidences of 
vascular mjurv, but which are anatomically characterized by exudative 

11 A fuller discussion of tins much disputed question may he found in my 
monograph The Anatomic Histological Processes of Bright’s Disease Saunders 
Co 1910, pp 45 to 47 and pp G3 to 67 

12 Hemeke Die Yerunderungen der mensclilichen Nieren nach Subhmat- 
■\eigiftiing Ziegler’s Beitr , ylr 193, Marchand’s remarks, ibidem, p 241 

13 The definition of "nephrosis ’ is necessarily as uncertain as that of 
‘nephritis,’ for the news on the nature of the latter determine those of the 
former 

14 Pearce and Eisenbre\ Jour Hyper Med 1911, \iv p 306 
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glomeiular lesions of moderate severity Vasculai, they say, must, there- 
fore, be used m the broadest sense, and that lesions of the membiane 
controlling the passage of fluid may occur without alteration of the powei 
of the vessel to conti act and dilate They differentiate three groups of 
functional and anatomical changes 1 In which little or no anatomical 
evidence of vascular injury is found, but m which physiological methods 
show piofound vascular changes (arsenic) 2 In which anatomical 
evidence of vascular (exudative) mjuiy is piomment, but m which 
physiological tests aie negative (hemolytic serum) 3 In which both aie 
prominent (diphtheritic toxin) 

These experimental investigations agiee until similar clinical and ana- 
tomical evidences m human nephritis and demonstiate that the quality 
of morphological changes is of gieat importance m the relation of ana- 
tomical to functional changes Aschoff has laid much emphasis on this 
point as we shall see later It has been a general piactice to employ 
solely a not too exact quantitative measure m the deteimmation of 
structural changes and ceitamly an insufficient amount of attention has 
been devoted to their qualitative chaiactei It may be argued that after 
a structure has been destined, it matters little how it happened But 
m the first place important functional changes appeal during early and 
slight changes m a structure, and secondly, destruction is very uneven, 
very rarely leading to complete annihilation of all cells composing a part 
Qualitative structural alterations enter, therefore, into the functional 
changes throughout an observation 

A last important point, and one to which again an insufficient amount 
of attention has been paid m the experimental investigations of the 
kidneys, is the compensatory action of one part for another We are well 
acquainted with it m the nervous system, we know a little of it m otliei 
organs like the hemapoietic and lymphatic systems and the liver, but m 
the ladney we are further from understanding it, although observations 
indicate that it exists m this as m other organs 

These general difficulties of a functional classification are fuither 
complicated m particular by the different results and views on the toxic 
effects of poisons 

The importance of this phase of the subject and the geneial interest 
and enthusiasm which has been aroused m it after the brilliant obsei ra- 
tions of Schlaj’ei, Takayasu, Iledmger and Volhard, demand a some- 
what detailed review of their woik 

Sehlayer and his co-workers 15 base their ideas on a stuct division of 
vascular and parenchymatous mjuiy as revealed by the excretion of 

15 Sehlayer and Hedmger Expei imentelle Studien uber toxische Nephritis 
Deutsche Arch f khn Med, 1907, i, 90, Sclilayer Untersuchungen liber die 
Ifunktion kranker mensclilicher Nieren Kongress fur nmere Medizin, Ivon 
gress, 1910, p 744, Hedmger Experimented Studien liber die Wirkungsweise 
ion Nieien und Heizmitteln auf Kranhe Nieien Ibid, p 735 
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watei, sodium chlond, potassium lodid and milk-sugar Their expen- 
mental investigations have lately been supplemented by obseivation on 
human renal disease Schlayer’s experimental work showed that when 
the tubular cells weie destioyed the excretion of ISFaCl and IQ was 
coirespondmgly interfered with, while vaseulai injury led to interference 
with the excretion of milk-sugar TJnne concentration 01 water excretion 
may be influenced m two ways By tubular injury, which diminishes the 
amount of solids, or by a hypersensitiveness of the blood-vessels, which 
mci eases watei secietion tubular or vascular hyposthenuna 

Sodium chlond is not eliminated m the tubular nephritis, hence the 
ui me concentration is low, on the other hand, sodium chlond is fully 
eliminated m the vascular type, therefore concentration is constant and 
high, foi the blood-vessels are hypersensitive 

In human oliguria the milk-sugar excretion is slow, while that of 
NaCl and IQ is normal, it is, therefore, vascular m character He con- 
sideis polyuna due to sensitiveness of the blood-vessels In scarlet fevei 
nephritis the water is increased on account of vascular irritation, while 
the milk-sugar exeietion is decieased, m other words, the vaseulai 
activity of the kidney has become disassociated 

The same underlying conditions are found m contracted kidney It 
resembles, functionally, the acute vascular nephritis m a disassociation 
of its vascular activity, 1 e, the injury to the blood-vessels manifests 
itself by an increase of water elimination and diminution of milk-sugar 
exeietion While, however, the acute nephritis shows both a diffuse 
anatomical and functional im olvement of blood-vessels, the early stages 
of contracted kidney piesent, according to Schlayer, a diffuse functional 
mjiuy when the anatomical pictuie still reveals only patchy disease 
These obseivations and ingenious deductions are very interesting, but it 
mav be justly doubted whether such findings, even if substantiated by 
fuithei observations, furnish a sufficient basis for classification and 
wan ant uttei neglect of anatomical evidence In the fiist place lmpoi- 
tant generalizations aie drawn fiom the excretion of a few relatively 
simple substances under certain artificial and pathological conditions 
We must confess, however, that very much is still unceitam of the 
fundamental laws which govern excretion particularly of more complex 
compounds We are quite ignorant of the factors, dneet or mdnect, 
which may entei into the rapidity and manner of elimination of one or 
the other substance It is only necessary to recall here the contradictory 
lesults of expermienters regarding the excretion of water and salt m the 
study of the normal functions of glomeruli and tubules, and the possi- 
bilities of compensators* action We find further a certain variance in 
these experimental results with the direct anatomical evidence, and 
lieiem rests a possibility of error The anatomical evidence points 
stionglv to the fact that a strict distinction between vascular and tubular 
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nephritis does not exist, and that the expenniental lesults may be 
explained by different reasoning In disease the conditions may be even 
more complicated Erich Meyei’s 10 observations have led him to s im ile 
conclusions Aschoff 17 and Suzuki's 18 recent experiments have demon- 
strated with clearness that the effects of poisons on parenchyma cells 
show important qualitative diffeiences, some, like uianium and mercuric 
bichlond, produce necrosis associated at tunes with a hyaline dropsical 
degeneration, others, as m the case of canthandm, with swelling and 
vacuolization Moie particularly m regal d to cantharidm, Aschoff found 
contrary to the gen ei ally accepted view tubular lesions and unmvohe- 
ment of glomeruli Aschoff, therefore, concludes that the poisons 
employed by Schlayei and Hedmgei show individual differences and 
complexity m their topogiaphical action, that canthandm belongs histo- 
logically with greatei right to the so-called tubular nephritis and that a 
division of poisons into vascular and tubular varieties does not seem 
justifiable He states All poisons act pnmanly on the parenchyma, that 
is, the different paits of the convoluted tubules, the resulting functional 
changes are the results partly of the topographical variations m the 
action of a poison and partly the effects of the poison on blood-pressure 
Aschoff’s results fully conoborate then the view previously expressed , 18 
and emphasizes the necessity of a revision of pievalent ideas regarding 
the specific actions of poisons There are other important points m this 
connection which Aschoff and Suzuki have attacked, notably the signifi- 
cance of vital staining and an attempt to analyze furthei the structural 
and functional differences m the tubules So much remains to be done 
m this regard that we are far from the possibility of a functional classi- 
fication of kidney diseases These considerations do not detract m the 
least from the value of the experimental obsei rations recorded They 
remain impoitant conti lbutions to the secretion of the kidney under 
abnormal conditions But one should hesitate, at least at present, to 
accept these results as a sufficient basis for a classification of kidney 
inflammations 

But we are even more at a loss in an attempt at clinical classification, 
which introduces additional difficulties These have been fully discussed 
by Er Muller, so that it is unnecessary to entei into them again He 
pointed out the uncertainty of what is meant by acute and chiomc 
lesions, parenchymatous and interstitial, and the difficulty of the corre- 

1G Meyer Erich Discussion of Schlayei ’s paper Kongress fur mneie 
Medizm, 27 Kongress, 1910 

17 Aschoff Zur Morphologie der Kierensekretion unter pliysiologischen und 
pathologisclien Bedragungen Vorhandl d deutsche path Gesellsch , 1912, xvi 

IS Suzuki Zur Morphologie der Kierensekretion unter normalen und patho 
logischen Bedmgungen Jena, 1912 

19 See my monograph on Bright’s disease, p 66 B 



EORST OERTEL 


063 


lation of the clinical picture and the anatomical lesion He recommended 
abolishing the uncertain anatomical nomenclature, and to employ at tin? 
bedside only descriptive clinical terms, for instance, instead chronic 
parenchymatous nephritis, chionic hydropic or anhydropic kidney dis- 
ease In view of what has been presented above, Muller’s desne to dis- 
card old outgrown terms and to substitute a very general directly con- 
trollable descriptive terminology is praiseworthy However, it cannot be 
regarded satisfactory to employ a purely clinical terminology which at 
the best is only a repetition of symptoms and gives no idea of the picture 
of the disease processes underlying them 

Indeed, the desne to correlate clinical symptoms with anatomical 
pictures is so strong and necessary for the scientific physician that con- 
stantly and justly such attempts are bemg made The greatest difficulties 
are encountered, of course, in connection with prolonged kidney diseases, 
above all the contracted kidney. This finds its reason not only m the 
complexity of the disease, but in the ever-changing views of pathologists 
about the origin and nature of that affection It is, therefore, worth 
while to present the question of contracted kidney in some detail, as it 
affords an excellent illustration of the difficulties of an exact classifi- 
cation The latest most generally accepted views on the pathogenesis 
and histogenesis of contracted kidney are those of Jores and Prym 

Jores’ 20 ideas aie to some extent a revival of those of Gull and Sutton, 
namely, that one type of contracted kidney is aitenosclerotic and not 
inflammatory Before Jores, Senator and Ziegler had recognized the 
direct relationship of aiterial changes to contracted kidney and bad 
descubed a type as aitenosclerotic interstitial nephritis and arterio- 
sclerotic atrophy of the kidney Jores makes the following subdivisions 

1 The red granulai kidney with uniform fine granulations and of 
biownish-red color, characterized histologically by interstitial grovth 
with atioplnc tubules, which show a more or less regular airangement 
Diseased parts intei change with preserved or even hypertrophied paren- 
chyma Parenchymatous changes are quite inconspicuous or absent, but 
arteriosclerosis (’) of the small kidney arteries is very marked 

2 The seconder}- contracted kidney, pale or yellowish pale, charac- 
terized histologically by an irregulai arrangement of atrophied parts ^ 
The still preserved glomeruli present the picture of glomerulo-nephritis 
The paienehymatous degeneration is always more or less accentuated, 
but arteriosclerosis of the smaller arteries is very limited or absent In 
this form exists little or no heart hypertrophy, it is marked in Form 1 

20 Jores Ueber Artenosklerose der Ivlemen Organarterien und ilire Bezie- 
hung zur Nephritis Virchows Arch f path anat To] clxxvm , Ueber die 
Bozielningen der Schrumpfmere zur Herzhvpertroplue Deutsche Archiv f 
Ivlin Med , 94 
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As a lesnlt of his largely clinical obsei vations, Volhard 21 lias added a 
third and combined form consisting of 1 plus a nephritis In Form 1 he 
found no functional disturbance, m Form 2 a prolongation of water 
excretion with no powei of concentration, and m 3 the same deficiency 
plus heart hypertrophy A fourth type of contracted kidney was occa- 
sionally met by him without any rise m blood-pressure and functionally 
related to ihe secondary conti acted kidney (very rare) 

Jores’ observations have been supplemented by those of Fahr, 22 
Gaskell, 23 and lately by an interesting study of Herxheimer, 24 which 
agrees m the mam points with what I have had occasion to observe m this 
matter He found even m the eaily stages of this disease never an 
entirely healthy parenchyma, although the vascular changes were much 
more piomment than those m the parenchyma Nevertheless, I am of 
the opinion that these parenchymatous changes must be regarded as of 
some importance m relation to the character of the disease They are 
present at a time when nutritive interference by vascular obstruction is 
out of question and must therefore be attributed to other irritating influ- 
ences The characteristic change m the small vessels should not be con- 
founded with the ordinary aiteriosclerotic elastic hyperplasia of largei 
vessels It consists of a hyaline swelling of the mtima associated with 
the appearance of fatty substances 

According to Herxheimer, it affects frequently the vasa vasorum of 
larger arteries, but also the vasa afferentia and loops of the glomeruli, lie 
did not observe this m genuine nephritis Contrary to the findings of 
J ores, Herxlieimei missed this change m other organs with the exception 
of the spleen But the lattei is of no significance on account of the 
| frequent occurrence of similar vascular changes under all sorts of con- 
ditions Herxheimer regards the vessel lesions as part of general arterio- 
sclerosis, and believes that toxic agents injure the small kidney vessels, 
thus leading to hypertonia and contracted kidney He leaves the genesis 
of the lesion uncertam, it may be due to a direct poisonous action or 
possibly an indirect result of alterations m kidney tissue or due to 
nephrotoxins 

Attention has been drawn to similar vascular changes m other organs, 
foi instance, m the capillaries of the islands of Langerhans m the pan- 
el eas It is consideied not unlikely that they form a basis for the 
development of disease m various organs 

21 Volhard Ueber die funktionelle Unterscheidung dei Schrumpfniei e Kon 
gress fur mnere Medizm 27 Kongress, 1910, p 735 

22 Fahi Ueber chromsche Nephritis und lhre Beziehung zur Arteriosklerose 
Virchows Arch f path Anat , Vol 195, Zur pathologisch anatomisclien Unter- 
scheidung der Schrumpfniere, etc Frankfurter Ztschr f Path , ix 

23 Gaskell On the Changes in Glomeruli and Arteries m Inflammatory and 
Aiteriosclerotic Kidneys Jour Path and Bactenol , 1911, mi, 287 

24 Herxheimer Verhandl d deutsclie path Gesellsch , 1912, p 211 
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Now, while many modem pathologists aie inclined to separate the 
red granular 01 so-called primary contracted kidney entirely from the 
gioups of nephritis, it may m my opinion still be questioned whether 
we are fully justified m doing so, or whether the older standpoint, which 
included it among the interstitial or productive group of nephritis, has 
not considerable justification Mention has already been made of the 
existence of parenchymatous changes, which, although quantitatively 
slight, show an injury beyond the vascular districts at a time when they 
cannot be explained by simple quantitative interference with the nutrition 
of these parts as a result of the vascular involvement Furthermore, even 
with due consideration to the different structure in large and small 
vessel, the different nature of these vascular changes from arteriosclerotic 
01 atherosclerotic lesions and its uncertain relation to the other arteno- 
sclerotie processes, which Herxheimer himself emphasizes, rather point 
to a direct toxic effect 

Finally, the early focal accumulation of cells in the immediate neigh- 
boihood of injured parts closely resembling certain inflammatory reac- 
tions, the subsequent irregular formation of granulation tissue and 
growth of connective tissue, raise the possibility of more diffuse and 
specific sclerogenic irritating influences 

Conditions m the kidney may m this regard perhaps be compared to 
certain affections m the liver, notably the cirrhoses and subacute liver 
atrophies Curiously enough, Jores himself has drawn attention to this 
m connection with a case of subacute liver atiophy piesented to the 
Geiman Pathological Society Jores 25 says 

“If one goes so far as to regard the destruction of liver tissue as the only 
essential process and the connective tissue growth only dependent upon this loss, 
observations which I have made m connection with the case under discussion 
speak decidedly against such an assumption For it is noteworthy that in this 
case of marked destruction of liver parenchyma with a duration of three months, 
no connective tissue proliferation of consequence has occurred It demonstrates 
that besides the loss of parenchyma an additional factor enters into the patho- 
genesis of liver cirrhosis, this causes the chronic proliferating inflammation or, 
as S v Heukelom expressed it an equally effective degenerative and sclerogenic 
injury of cells ” At the same time Albrecht™ declared that “if one compared 
these observations (Jores case) with those of Paltauf, who had seen early con- 
nective tissue growth in the liver of phosphorus poisoning, one must arrive at 
the conclusion that in the first instance existed a toxic action on the liver cells 
alone, while m the second an irritative action on the connective tissue is added 
One must question therefore decidedly whether the connective tissue formation 
m cirrhosis is only the expression of simple scar formation ” 

It appears that the conditions in contracted kidney are very sinnlay 
and indeed, as shown above, interstitial cell foci and thickening occur 
before loss of paienehyma would call foi cicatrization 

25 Jores Zur Kenntniss der 'mbahuten Leberatrophie Yerhandl d 
deutsehe path Ge'ellsch 1907 xi, 320 

2G Albrecht In the discussion of Joies article See note 25 
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My expei lenee is that the vascular changes do not even geneially 
assume marked dimensions without simultaneous extension of cellular 
foci and connective tissue thickening, which seems to indicate that all of 
these changes are correlated rather than dependent (Compare the two 
excellent illustrations accompanying Herxheimer’s article in the Vei- 
handlungen dei Deutschen Pathologischen Gesellschaft , 1912, especially 
Figure 2 ) 

It must also be remembered that even extensive aitenosclerosis of 
small vessels in other organs does not appear to lead to the quantitative 
and qualitative changes which are characteristic of this foim of con- 
tracted kidney 

These considerations make it piobable that the processes leading to 
the primary or red contracted kidney are evidences of irritative influences 
within the kidney, of which the vascular changes only form an early and 
conspicuous feature 

It is somewhat doubtful whethei the three cases which Gaskell 
leports as representatives of early and more advanced vascular contracted 
kidney really belong to this categoiy ot not, more properly to the arterio- 
sclerotic kidney as lecognized by Senator, Ziegler and others In Case 34 
a specific (syphilitic 9 ) etiology may have been involved It concerned 
a young man of 34 years, who died with the diagnosis of dementia 
praecox ( 9 ) On autopsy were found focal brain softening due to exten- 
sive and pronounced arterial changes (syphilitic 9 ), extending from the 
basal arteries throughout the brain History and othei clinical data weie 
unsatisfactory, there were no records of blood-pressure oi other diag- 
nostic measures Moderate heart hypertrophy was present The kidney 
appeared macroscopically and microscopically normal, except for thick- 
ening and fatty changes of arteries and occasional hyaline glomerules 
Parenchyma and interstitial tissue were quite uninvolved The other two 
eases are even more doubtful m this respect Case 38 appears typical of 
the mfareted kidney of arteriosclerosis (Ziegler), and, furthermore, was 
complicated by a left-sided hydronephrosis and atiophy due to stone 
In Case 39 the kidney is described only as decreased m size and the cortex 
as diminished, no microscopic examination is given 

Frey has also been unable to uphold entirely Yolhard’s and lores’ 
contentions, and Krehl 27 is very sceptical m this regard 

Yolbard believes that Jores’ secondary contracted kidney (macio- 
ccopically yellowish, pale, microscopically with accentuated parenchym- 
atous degeneration and typical inflammatory glomeruli, without, or at 
least with very limited, arteriosclerosis and no heart hypertrophy) occurs 
even more frequently than the combined form (Type 3 ) Fiey, how- 

27 Krehl See discussion of Schlayer’s and Yolbaid’s papers Kongress fdr 
mnere ZMedizm , 27 Kongress, 1910 
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evei, lias not one case m Ins senes of obseivations which confoims uiih 
all the requirements for Type 2 of Jores In one case existed a blood- 
pressure of 195, autopsy showed a kidney macioscopically conespondmg 
to this form, and there was little arteriosclerosis, but, contraiy to Joies, 
marked hypertrophy of the heart Even Eoth, 28 who investigated the 
lelationship of arteriosclerosis to contiacted kidney m Joies’ laboratoiy, 
speaks of contracted kidney without artei loseleiosis as an exception, and 
of the six cases which he leports, three showed some vaseulai changes 
My records agree with Fiey’s 20 conclusions m so far as oceuiienee of 
diseased renal vessels 20 and lieai t hypei trophy m contracted kidney are 
concerned I must believe that both aie the rule and that their absence 
is irregular and dependent on certain othei influences nutrition, atrophy 
of muscle, edema, lapidity with which the disease leads to fatal issue, etc 
There also seems to be no question that the degiee of kidney contraction 
stands m no direct relation to the degiee of heart hypertrophy 

Frey 20 is able to recognize a type of arteriosclei otic kidney alieady 
acknowledged by Eombeig This form is characten/ed clinically by 
stasis It was foimerly legal ded as nephritis and is probably identical 
with what Bollmgei and his school described enoneously as Stauungs- 
clu umpfmei c A previous communication 31 has discussed that feature 
of the question fully 

In Fiey’s opinion the old secondary contiacted kidney and Joies’ 
Form 2 are practically identical 

Accoidmg to these modified views, he diffeientiates between 

1 Vaseulai contiacted kidney (Hephiopathia chronica degeneiativa 
sive cnculatoiia of Aschoff), (a) of larger type (Zieglei’s artei losclerotic 
kidney) , (b) of smaller kidney vessels (may include the red granulai 
type of Joies, and the old primary interstitial nephritis of Senator It is 
m my opinion doubtful whether this really corresponds to the pnmai} r 
contiacted kidney or interstitial nephritis, both of which are moie coi- 
lectly giouped, as explained above, under the pioductne nephritis) 

2S Roth Ueber Schrumpfniere oline Artei losklei ose Virchows Arch f 
path Anat , clwv 

29 Frey Zur Pathologic der chronischen Xepluitiden Deutsche Arclm 
f kirn Med , 1912, cm 

30 It is questionable whether some of these vascular changes in contracted 
hidnev are not the result of the local inflammatory conditions A periarteritis 
may imolve the adientitia and perivascular infiltration may combine with 
fibroblastic proliferation and lead to thickening of the adaentitia This legion 
may even evtend toward the lumen of the vessel, thereby adding an endarteritis 
obliterans A direct tovic action on the intima, particularly m the smaller ics 
seD appeals also aerj possible The arterial changes m nephritis need reim esti- 
mation It appears that some of them do not belong to what is generalh grouped 
as artenosclerosis 

31 Oertel The Cyanotic Induration of the Kidney Joui Med Research 
Boston, June, 1912 v\u Xo 2 



60S 


TEE ARCHIVES OF INTERNAL MEDICINE 


2 Parenchymatous contracted kidney (Nephropathia chronica mflam- 
matoiy of Aschoff) including the old secondary contracted kidney and 
Joies’ Form 2 

3 The combined form of Volhard nephritis plus arteriosclerosis 
According to Frey, these types differ correspondingly clinically thus 
Form 1, with high blood-pressure and urine stasis (the exact type, 

a or b, cannot be diagnosticated) 

Form 2, with dilute urine, inability of the kidney to concentrate, no 
heart hypertrophy or high blood-pressure 

Form 3, like 2 but plus high blood-pressure and heait hypei trophy 
There are, of course, exceptions, the vascular type may show no mine 
changes, provided the heart action is good , specific gravity and power of 
concentration may then be normal Again, the parenchymatous forms 
do not necessarily show typical functional disturbances 

Volliard’s views may be summarized m this regard thus 
Form 1, normal concentration and watei excretion, normal excretion 
of FaCl and nitrogen 

Foim 2, hyposthenuria, compensated by polyuna (see Schlaver’s 
explanation above) as long as there exists relative sufficiency of the 
kidney 

Form 3, combination form, probably dependent on a predisposition 
of Foim 1 to acqune nephritis In Volhard’ s opinion, it is the old 
genuine contracted kidney, and has a tendency to uremia 

Anatomical as well as clinical subdivisions of contracted kidney are, 
therefore, still much under discussion, and their character uncertain, 
particularly whether the old primary or genuinely contracted kidney is 
only arteriosclerotic m character, or whether it represents, as I am 
inclined to think, an mflammatorv lesion with characteristic involvement 
of small vessels, or whether, finally, a combination of arteiiosclerotic 
changes superseded by nephritis as Volhard believes 

In view of the complexity of the matter and the number of diveigent 
and constantly changing views about the nature of these processes does 
it appear possible to arrive at any classification at all 9 

Indeed Krehl’s remarks at the Congress for Internal Medicine m 
Wiesbaden m 1910 were very sceptical 

I shall endeavoi m the second part of this paper to show just how fai 
a classification appeals possible 

ir 

CLASSIFICATION 

It must be emphasized that all classifications m medicine as well as 
m other branches of science carry with necessity the weakness inherent 
to the gieater or lesser artificiality of all scientific definitions Theseus, 
we are told, erected on the Isthmus of Corinth a column bearing on one 
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side the mscnption, “Heie is the Peloponnesus and not Attica,” and on 
the othei, “Here is Attica and not the Peloponnesus ” But no scientific 
investigator could safely imitate this mythic heio, foi the complexity and 
variability of all natural phenomena make similar stiict divisions based 
on individual observations and ideas easily vulneiable and peiisliable 
The scientific investigator must remain conscious of the fact that his 
classifications are woikmg tools for the study of phenomena, which m 
reality lack isolation, but are actual only m their genetic relation and 
intei dependence with otheis Processes defy stiict classification, only 
the fossillized remnant may be embalmed and laid at rest m a final 
system 

A classification, therefoie, m oidei to be applicable to processes of 
life, may only covei general characteristics It must confine itself to the 
substance, the nucleus of the mattei, foi as soon as it extends to the side 
lines it meiges imperceptibly with others which confuse and defeat the 
very puipose foi which it was designed 

Thus an exact classification which, not unlike that of an acho fimum 
legundoium m Roman law, attempts to draw sharp boundaiy lines 
between it and its neighbois, attempts a separation, which m leality does 
not exist, and which m piaetice leads to senous disadvantage and away 
from truth 

Mention should peiliaps heie be made of a psychological complication 
m attempts at classification They naturally reflect the view-point of the 
obsenei Whatever appears most leadily m the classifier’s field of vision, 
01 that which he is m the habit of thinking m, is to him the most 
important principle It colors his whole scheme It is difficult, for 
instance, foi a moiphologist to think m other than visual conceptions. 
Ins ideas lepiesent definitely related morphological processes, one trained 
only m physiological methods of lesearch needs much less a dominant 
moiphological substiatum for a satisfactory conception 

How if one studies carefully the complicated situation which has been 
outlined above, one must, I believe, come to the conclusion that it is 
unsafe, at least at present, to leave entnely the ground of objective 
moiphological experience Foi etiological, histogenetic, functional and 
clinical facts at our disposal are, m the fiist place insufficient, m the 
second place too mailable to seiie as basis for a classification of nephritis 
It appeals equally mistaken, however, to introduce sub;jectne views 
legal ding the chaiacter of anatomical processes, or to separate moie 01 
less aibitrarih certain paits which experience has shown m close union 
with others Nothing, it appears, is gained b} such procedure, it 1= a 
source of confusion, leads to academic discussions and does not aid m 
the undei standing of the nature of a disease at all Maicband properly 
questions what would be gained by speaking of an inflammatory, nepli- 
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iosis, instead of ail inflammation or of a degenerative or parenchymatous 
neplnosis? Shortly before Ins death, Senatoi expressed to me similar 
views Indeed, such individual opinions and ideas regarding the nature 
of pathological processes change so frequently and there exist so many at 
one time that one can find, for instance, m a modern text-book of path- 
ology, written by leading pathologists, three different ideas and descrip- 
tions of the inflammatory piocess And that particular book is foi 
students and practitioners 

Observation shows that “inflammation” is composed of a number of 
piocesses, which, on account of then close genetic relation and interde- 
pendence and more or less definite course, may be conveniently legarded 
as a unit In othei words, it is the sum total of piocesses which appear 
as the result of certain irritations But if we go beyond this and assume 
on the basis of tlieoietieal considerations which can be neither entirely 
proved nor dispioved, that the nature of inflammation is only degenera- 
tive, 01 that it is only reactive for purposes of defense, and that the teim 
inflammation should be restricted to one 01 the other of these features, 
then we introduce aibitrary lines of demarkation based on peisonal 
opinions and build on these unstable systems This situation is not 
impioved by the fact that another difficulty arises immediately m deter- 
mining what is to be included under the passive and what under the 
reactive phenomena Some, for instance, regard parenchymatous degen- 
eiation as a passive process, others as an active response to an inflam- 
matory stimulus 

Thus the present discussions about the nature of inflammation 
lesemble somewhat the discussions of the old psychologists about the 
natuie of the soul They gave first a metaphysical definition of the soul, 
then arranged facts according to it A greater uniformity of views and 
a more satisfactory classification m psychology were only reached aftei 
psychic phenomena were no more regarded as isolated units or tran- 
scendental forces, and after it was appreciated that “soul” is a convenient 
term foi the sum total of our inner experience Medicine m general still 
suffers more than other sciences from an effort at medieval definitions 
These, however, are for leasons previously given, impossible 

I attempted, therefore, several years ago 152 to rehabilitate a purely 
descriptive anatomical classification which has the advantage of com- 
patability with the needs of the clinician and pathologist It assumes 
that nephritis designates a unit from beginning to end, and therefore 
includes all processes which may enter into or may directly modify the 
expressions of this inflammatory process It touches m no way on the 
disputable pathogenesis or the varying topographical involvement, both 
of winch go beyond the possibility of a general classification It indicates 
only the predominating pathological feature or features 


d2 Oeitel Bright’s Disease pp 22-2G, 214 215 
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The idea of a descnptive anatomical puneiple for classification is not 
new It was successfully, if only parity, followed by Cohnheim, Oith 
and others and m this country by Delafield They used the terms degen- 
eiatne, exudative, productive or pioliferative as useful qualifying adjec- 
tives But following Muller's suggestions and efforts to eliminate anti- 
quated and misleading terms entirety, I propose to go further and make 
it the undeitymg foundation for the entn e system of classification of the 
inflammations of the kidney 

Such a classification may be held to be too broad, and therefore 
insufficient, but it may be pioperly questioned for leasons previously 
discussed, whethei a scientific classification may offer more than an 
expiession of fundamental or general characteristics 

We obtain thus a classification by groups lather than by individual 
diseases, and it is my belief that with growing knowledge and necessarily 
gi owing differences of opmion m regaid to the exact place of diseases, 
classification by gioups will become the best means to serve the more 
general needs of the physician without interfering with the necessaiy 
freedom of thought and opinion of the scientific mvestigatoi 

We may, accordingly draw the following sketches 

1 The group of simple nephntis, in winch occurs cloudy swelling 
and parenchymatous degeneration, inflammatory edema and serous 
exudate, associated at times by desquamation and inflammatory prolifer- 
ation of parenchyma cells 'Restitution to mtegnty. 

2. The gioup of degenciative and exudative nephntis , destructive m 
cliaiacter , represented by marked and extensive degeneration and necrosis 
of paienchyma cells, cellulai exudate, occasionally, with hemorrhages 
into glomeruli, periglomerular and mtertubulai tissue and into tubules 
Piolifeiation of parenchyma cells m glomeruli and tubules, abundant cast 
formation The predominating featuie may exist either on the degenei- 
ative or exudative side 

3 The group of deqeneiaiive and pioductwe nephntis , destructive 
and constructive m character, with prominent degeneiative, largely fatty 
changes, much slighter and frequently more localized exudative processes, 
proliferation of paienchyma cells with the formation of epithelial giant 
cells, cast formation, appearance of leukocytoid and fibroblastic cells, loss 
and collapse of glomeruli and tubules, gradual formation of mature 
fibious tissue overgrowing wasted and wasting parts, first patchy, then 
more diffuse Occasional hemorrhages Thickening of renal arteries, 
occasional formation of infarcts 

4 The group of productive nephntis , associated with a marked 
i econstruetion of kidney cells and architecture 

a Diffuse With less violent but general degeneration and loss of 
paienchyma and glomeiuli by inflammatory obliteiation Marked 
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regeneiation of flat and syncytial-like tubulai epithelium with, maiked 
distortion of the tubules, and associated abundant irregular overgiowth 
of connective tissue Arteriosclerosis of kidney arteries usually prom- 
inent, mfaiet foimation occasional (includes m general the old secondary 
contiacted kidney and Jores Form 2, Frey’s Form 2, Yolhaid’s Form 2 
and probably cases of Foim 3 FTephropathia chronica mflammatoria of 
Aschoff) 

b Focal and patchy Characterized early by a hyaline swelling and 
fatty degeneration of intima and endothelial cells of the small renal 
vessels and capillaries, associated with cellular interstitial and pen- 
glomerular cell foci and focal parenchymatous degeneration All of these 
acquire gradually more momentum, but the involvement of the small 
vessels remains most conspicuous It leads to obliteration of then lumen, 
thereby adding quantitative to the qualitative disturbance Thus results 
collapse of affected parts, the extent of which necessarily varies, so that 
at times the superficial appearance of the kidney may be only very finely 
gianular The extent of new connective tissue formation is also con c- 
spondmgly irregular, usually most pronounced around Bowman’s capsule 
The tubules are relatively well preserved until late m the disease, and 
epithelial desquamation is insignificant The disease is usually accom- 
panied by arteriosclerosis of the kidney arteries (Includes m general, 
Jores’ Type 1, Frey’s Type 1, Subdivision b, and Yolhard’s Type 1, and ' 
possibly cases of Type 3 Nephropathia chronica degenerative sive cn- 
culatoria of Aschoff -The old genuine contracted red kidney or pnmary 
interstitial nephritis ) 

The difference between a and b lies m the fact that m a, a relatively 
stiong or declimngly strong irritative influence has affected the kidney 
very diffusely, perhaps as the result of a previous severe degenerative and 
exudative nephritis, m b, a much less severe but persistent irritant, which 
1 is never sufficiently strong to produce severe diffuse degeneration and 
exudation, gradually invokes the kidney m disease It naturally affects 
the walls of the smaller blood-vessels and the glomeruli prominently first, 
on account of their exposure by virtue of anatomical structure to irri- 
tants and blood-pressure By almost simultaneous extension of its 
nutating influence it attacks patches of parenchyma and the neighboring 
penglomerular paits which respond by focal cell accumulation Then 
appearance is then manifest, as we have seen, before any quantitative 
interference by vascular obliteration is possible In all forms of con- 
tiacted kidney heart hjqiertrophy is the rule 

Finally, one may group as independent non-infiammatory affections 
the senile atrophy and the true arteriosclerotic atrophy of the Zieglei 
type The latter is plainly characterized by patchy loss of substance due 
to elastic thickening and gradual obliteration of arteries alone It does 


HORST OHRTLL 


673 


not show an atiophy of glomeiuli or tubules due to other reasons, scai 
formation remains, therefore, quite limited and follows stnctly m the 
path of the lost substance 

In a previous communication , 33 it has been shown that a cyanotic 
induration, Stauungsch'iumpfmei e, does not exist, and that cases thus 
desenbed are either of Groups b, productive nephutis, or of the aiteno- 
scleiotic non-mflammatory atrophy of the kidney associated with stasis 

30 West Forty-Foui tli Street 

33 Oeitel 3 he Cyanotic Indaiation of the Kidney Join Med Beseaich, 
Boston, 1912 xvv, No 2 
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The exact etiology of hemoglobmuric fever is still undetermined It 
has been considered the result of pernicious malanal infection m 
instances in which quinin will give relief, 1 others consider it evidence of 
qumin intoxication, 2 still others that we have here a duplex disease,® 
quinin m some cases giving lelief, m others hastening a fatal termina- 
tion, a disease svi generis* where qumm is neither mjunous nor bene- 
ficial Some have advised the use of qumm only when the parasites can 
be demonstrated m the peripheral blood, 5 still others believe that 
hemoglobmuric fever can be avoided if the qumm is given intra- 
muscularly c 

Considering, then, the conflicting opinions as to the nature and 
treatment of hemoglobmuric fever, it is hoped that this article, based on 
514 cases of blackwater fever, treated by Amencan physicians m the 
hospital of the Madeira-Mamore Railway Company, Porto Velho, Brazil, 
between Jan 1, 1908, and Nov 27, 1912, may be of mterest 

It is proposed to consider (1) the relation of the disease or condition 
to malaria, (2) its relation to a particular species of malarial paiasite, 
(3) its relation to qumm, (4) its racial and personal mcidence 

TJnder treatment, it has seemed best to discuss (1) the results of 
treatment with qumm, (2) the results of treatment without qumm, (3) 
the general treatment of the condition, and (4) the relation of the 
qumm prophylaxis of malaria to blackwater fever 


Submitted for publication Feb 14, 1913 
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RELATION TO MALARIA 

(1) Of 327 cases of blackwater fevei tieated m tins hospital between 

Jan 1, 1911, and Hov 27, 1912, malarial paiasites were fonnd m the 
penplieial blood m 145, or 44 pei cent, either on admission or within a 
few days tlieieaftei This becomes more significant when the following 
cucnmstances are consideied (a) In a majonty of the cases only one 
blood examination was made, and it was made during the period of 
hemoglobinuria (b) Over a consideiable portion of the period of time 
here considered it was my custom to begin qmnm veiy shoitly .aftei the 
disappearance of the hemoglobinuria, so that subsequent examinations 
weie almost necessarily negative During the year 1912, when the 
interim between the teimmation of the hemoglobinuria and the resump- 
tion of quimn was longei (five to seven or more days), blood examina- 
tions were made more frequently, with the lesult that the blood-slides of 
set enty-nine out of 153 cases of blackwater fever showed malarial para- 
sites, a percentage of 51 5 (c) In the considerable numbei of cases m 

which quimn has been deliberately withheld for the purpose of making 
blood examinations, parasites have appeared within fourteen days m all 
instances save one At least ten such experiments weie made within the 
year 1912 

(2) Ho case of blackwater fever has been observed m which there was 
not a history of a fever, apparently malarial, a few days or weeks pie- 
mousIv Almost mvauably tlieie is the histoiy of many attacks extend- 
ing ovei many months 

(3) In no instance has hemoglobmuna been observed as a concomit- 
ant of a first attack of malaria 

Sick men, not well men, are the ones who have blackwater fevei 
Men who have lived here some months, who are anemic, whose spleens are 
enlaiged, who aie m the habit of having fever every few days or weeks, 
who, as a rule, take quimn n regularly and inadequately, who insist on 
getting up and about their businesses immediately after a malarial 
paroxysm — these aie the men whom one soon learns to classify as “black- 
water candidates” 

BLACKWATER PEVER AND THE TERTIAN PARASITE 

J W W Stephens has attempted to account for the absence of black- 
watei fever m Ceylon by the rarity of the estivo-autumnal parasite there 9 
Deadenck writes that “only exceptionally is hemoglobinuria associated 
with the benign organisms ” 10 Christophers and Bentley, m explaining 
the hemolysis, assume that the estivo-autumnal parasite is the primal y 

9 Castellam and Chalmeis Manual of Tropical Diseases, p 691 

10 Deadenck, W H A Practical Study of Malaria, p 153, et seg 
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cause of the condition 11 Biem states that, m Panama, the estivo- 
autumnal paiasite is nearly always the one concerned 12 

There is a geneial tendency to regaid the association of the tertian 
parasite with blackwater fever as accidental, and to assume that the 
estivo-autumnal paiasite must also be present, although peihaps not 
demonstrable m the peripheral circulation 13 

It is believed that the accompanying tables present evidence for 
regarding the teitian paiasite as a faetoi, at least as impoitant as the 
estivo-autumnal, m the pioduction of blackwatei fever Table A is a 
record of the blood examinations m the Candelana hospital during the 
past twenty-sixth months It shows, simply, that the estivo-autumnal 

TABLE I — Record of Blood Examinations for Malaria in the Candelaria 
Hospital, from September to October, 1912, Inclusii e 


— 3 

Pei lod 

Total Blood 
Examinations E A 

E -A and 

Teitian Quaitan Teitian 

Sept to December 

(inclusive), 1910 

2257 

S31 


359 

63 

Year 1911 

S029 

3130 


1481 6 

181 

January to Octobei 

(inclusive), 1912 

6148 

2027 


920 10 

147 

Totals 

16434 

59SS 


2760 16 

391 

TABLE 2 — Blood Examinations 

of Blackwater 

Fever Patients 

; IN TIIE 

Candelaria Hospital, 1910, 

1911 

and 1912 


Pei lod 

E-A 

Teitian 

E -A and 

Teitian Negative 

No 

Repoi t 

1910 — (deaths) 

1 

1 

O 

4 

5 

(disehaiges) 

19 

22 

1 

31 

51 

1911 — (deaths) 

3 

4 

0 

8 

0 

(disehaiges) 

24 

23 

1 

SS 

2 

1912 — Jan to Oct , 

me (deaths) 

3 

4 

0 

12 

0 

(disehaiges) 

37 

20 

15 

62 


'totals 

87 

74 

17 

205 

58 

paiasite occuis heie with moie 

than twice the 

frequency of the tertian 

parasite Table B 

is a record of blood examinations m the blackwater 


fever patients during the same penod It is seen that, while the total 
occurrence of the estivo-autumnal parasite is twice that of the tertian, 
its occurrence m patients ill of blackwatei fevei is only slightly gi eater 
than that of the teitian paiasite, that is to say, a man m this legion who 
liaibors the teitian parasite, has nearly twice the liability to hemo- 
globinuria of a man who harbors the estivo-autumnal parasite These 
blood-examinations have been checked, at intervals, over considerable 


11 Castellani and Chalmers Manual of Tiopical Diseases, p 692 

12 Brem, Walter V The Etiology of the Eiythrolytic Ijpe of Hemoglobmui ic 
Fever The Archives Int Med, 1912, ix, 129 

13 Deeks, W E and Janies, W M Pacific Med Jour 1912, lv 347 
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penods of time, by Dr J S Eoisythe, Dr E J Whitaker and Dr A M 
Wolcott Dui mg the past eighteen months particular attention has been 
paid to identification of the species of parasite m cases of hemoglobinuria 

It is believed that; assuming the malarial origin of the condition, the 
number of cases is sufficient to justify the assertion that the tertian 
parasite cannot, m this region, be excluded as an important factor m 
blaekwater fevei In this connection it may be well to state that, while 
the tertian parasite is apparently not concerned m any of our cases of 
“pernicious malaria,” it is here an exti emely persistent infection More 
time and more qumm are requited for its eradication than for that of 
the estn o-autumnal parasite In saying this, I am not unmindful of 
the fact that I have seen crescents persist in the peripheral cn dilation 
after qumm, in full doses (30 to 40 giams), had been given daily for 
tlnee ueeks Every physician here who has correlated his clinical and 
Ins laboratory work has been struck by the rapid blood destruction m, 
the great prostration incident to, and the diabolical persistence of tertian 
infections I cannot here entei into the pi oof of these unorthodox 
statements I set them down because I believe them to be true and 
because of then bearing on a question which has not had the consideration 
that it deserves, viz , that of the local variations of malana One cannot 
lead the treatment of malaria as set forth m manv of our text books 
without being stiuck by the mildness of the measures consideied adequate 
to cure it 

BLACKWATER FEVER AND QUININ 

The association of qumm m this senes of cases of blaekwater fever 
has, I believe, been invariable Always there is the lnstoiy of quimn 
m one oi more small oi large doses having been taken a few hours before 
the onset of the chai act eristic symptoms Once these symptoms have 
occurred, howevei, they are prone to recur while the patient is still m 
bed, even without qumm or without any other appaient extrmsic cause 
At times these iccurrences are coincident with the demonstrable sporu- 
lation of a group of malanal parasites More fiequently the blood is 
negative In one of Whitaker’s cases, theie were six such i eminences 
spread irregularly over three weeks 

Eecun eilces after the patient is up and about — that is, repeated 
attacks — seem, here, to be brought about m the same manner as the 
fiist attack, they follow a dose of qumm taken for what appears to be 
a fiank demonstration of malarial infection One of our employees 
treated successively by the writer, Eoisythe, Wolcott, Nutter and Whit- 
aker, had fourteen such attacks m three years In each instance a dose 
of qumm was followed by one or moie paroxysms of hemoglobinuria, 
which paroxysms were m turn followed by a temporary cessation of the 
active symptoms of malarial infection 
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Id an intensely malarial region it is of course quite natural that a 
man should, when he begins to feel ill, forthwith take a dose of qumm 
Nevertheless, we do receive a goodly number of simply malarial patients 
who have not taken qumm, we do not receive any blaekwater patients 
who have not taken qumm shortly before the appearance of the hemo- 
globmui la It is by no means an uncommon spectacle to see a malarial 
subject develop blaekwater fevei m the hospital aftei the administration 
of qumm For the past three years I have used the hydrochlond of 
qumm almost exclusively, except for mtra-museular injections To see 
the urme of a malarial patient become hemoglobmous after the admin- 
istration of qumm hydroehlorid has been, m this hospital, an event too 
common for more than a passing comment 

RACIAL AND PERSONAL INCIDENCE 

The well-known relative immunity of the negro and negioid races to 
blaekwater fever is very well shown by our records Of 26,656 admis- 
sions for all causes m the past forty-six months, there were 4,537 West 
Indian patients These contributed only five to 493 cases of blaekwater 
fever Two of these were full-blooded negroes Among 5,751 Brazilian 
admissions, there were fifty-two cases of blaekwater fever The white 
Biazilians and, to a lesser degree, those of mixed white and Indian blood, 
are the ones m whom the disease occurs The possession of negro blood 
seems to confer an almost absolute immunity The possession of 
aboriginal Indian blood confeis only a certain degree of immunity 

During the same period among 6,121 admissions to oui Spanish 
waid, theie weie 245 cases of blackwatei fevei , that is to sajq 23 per 
cent ol the total admissions, foi all causes, furnished 50 per cent of 
the blaekwater fever patients 

Among 14,759 European and white Horth American admissions, there 
were 390 cases of blaekwater fever The Spaniards forming 41 per cent 
of the white admissions, yielded 60 per cent of the blackwatei fever 
In other words, the liability of the Spaniaid to blaekwater fever is, here, 
twice that of other white men It is more than 50 per cent greater than 
* that of the Portugese It is, of course, absurd to consider the remark- 
ably high incidence of the condition among the Spaniards as due to any 
special racial susceptibility The explanation lies in the chaiacter and 
habits of the Spanish laborei Where another man would be glad to go 
to the hospital, the Galician peasant, when he is wor kin g by conti act, will 
dose himself with qumm and continue to work He will not sleep under 
a mosquito net and is, therefore, bemg constantly reinfected with malaria 
He takes a great deal of qumm irregularly He is, more than any of his 
fellow laboreis, a half-treated subject of chronic malaria 

Our Greek laborers, who take 10 giams of qumm daily with clock-like 
regulamv, are relatively free fiom malana and, therefore, from hemo- 
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globmuria This I think, is not due to any 1 acial immunity, but to then 
character and habits, that is, their obedience to instructions m the 
matters of mosquito piotection and quinin piophylaxis The liability of 
the Greek to blackwater fever m his own country is notorious 

The transient character of a population of lailroad employees m the 
tropics makes it difficult to piesent figuies which show accurately the 
manner m which length of residence m this legion affects the incidence 
of blackwater fever In general, people not previously infected with 
malaria, do not suffei fiom hemoglobin unc fever until aftei eight or ten 
months here Individual history with reference to malarial infection 
and the treatment thereof appears to determine susceptibility The 
condition developed m one of my patients ten weeks after Ins arrival, 
but he had had a seveie attack of malaria two weeks after arriving and 
lecurrent attacks weekly until the onset of the hemoglobmuna 

One may say, then, that here the negroids have an almost absolute 
immunity to blackwater fever, that the people originating from the 
aboriginal inhabitants have a considerable relative immunity, and that 
theie is a distinct personal immunity among Europeans and white 
Xorth Americans, conferred by the piophylaxis and pioper treatment of 
malaria 

TIIL TREATMENT OF BLACKWATER FEVER 

The first question here is the much vexed one of qumin All discus- 
sion is futile save that which presents actual figures foi comparison 
During the year 1908, ten cases of blackwater fever were treated here 
by the method of giving qumin as m oidmary malaria Of these, thiee 
died During the year 1909, sixty-eight cases were treated here, some 
with and some without qumin Of these, seventeen died Our mortality, 
up to Dec 31, 1909, was, then, 25 6 pei cent At this time I felt that it 
was justifiable to give qumin to a blackwatei fever patient Reports of 
cases treated m Panama by the qumin method had shortly before been 
published, 1 and the canons of Bastianelli, pronounced "sensible” by 
Manson, and quoted, apparently with approval, by Osier, enjoined qumin 
whenever parasites were found m the patient’s blood 

Toward the end of the year 1909 it was decided to tieat all cases of 
blackwater fever without qumin, whether or not parasites were present 
Except m two or three regretted instances this decision has been adhered 
to Disregarding these, 436 cases have been treated without quinm Of 
these, fifty-one have died — a mortality of 11 6 per cent 

J W W Stephens 11 gives the mortality of blackwater fever at from 
10 to 20 per cent Deadenck cites 1,006 patients treated without q uin m, 
with a mortality of 11 1 per cent , 472 patients tieated with qumin, with 
a mortality of 25 9 per cent , and 3,210 patients treated by both methods 

14 Osier’s Modem Medicine, i, p 449 
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with a mortality of 21 3 per cent Considering that nearly all of the 
patients tieated m this hospital were drawn from immigrant railroad 
laborers, who woiked under a tropical sun, lived crowded together in 
hastily improvised huts and tents, and suffered much fiom the ravages 
of beriberi and bacillary dysentery, it is believed that a death rate of 
11 6 per cent , under a non-qumm regime, is sufficient reason for ques- 
tioning the soundness of Bastianellf’s off-quoted rule that qumm should 
he given to a patient with hemoglobinuria if parasites are present m the 
peripheial circulation 

But it is not only empirically that this rule is unsound, it is an 
indisputable fact, as shown by Stephens, that malarial parasites are prac- 
tically always piesent m the peripheral blood of blaekwater patients in, 
the beginning of, or just before, the attack, and that they disappear from, 
oi become scarce m the peripheral blood very soon after the urine becomes 
hemoglobmous Indeed, a paroxysm of hemoglobinuria m a malarial 
patient may he compared to a single intravenous injection of salvarsan 
m a syphilitic patient The parasites disappear more or less from the 
blood of the former, just as the spirochetes do from the lesions of the 
latter If, then, one sees his patient at, say Sam, parasites will be 
present, and qumm should be given If he does not see him until noon, 
the parasites, with their containing cells, will have been destroyed 
Therefore, qumm should not be given The rule is, itself, puma facie 
evidence that its author believed qumm capable, under ceitam conditions, 
of inducing hemoglobinuria, yet the administration of the drug is made 
to depend on whethei the physician sees his patient one hour or four 
hours after the hemoglobmuric condition has developed 

The truth is that this teaching was a groping, tentative half-step m 
the right direction m the light dneetion because it prescribed what not 
to do m about one-half the cases In the light of present-day knowledge 
it is irrational In the light of the actual lecorded experience of physi- 
cians the world over it is a dangerous teaching and it should disappear 
utterly from the text-books of medicine 

The foregoing applies, of couise, to the treatment of blaekwater fever 
during the period of hemoglobinuria When this has cleared up, when 
hemoglobin casts are no longei to be found and when the icterus has 
moie or less disappeared, the question of treating the malaria — which 
question was solved temporarily by the destruction of a great many of 
the parasite-contammg corpuscles — will have to be met (It was met m 
one of my wards since this paper was written by the intramuscular injec- 
tion of 7% grams of qumm In two houis the hemoglobinuria reappeared 
and that night the patient died ) Qumm will have to be given, but theie 
need be no hurry about beginning it If parasites reappear m the blood, 
they will be scant TTsuallj’ their presence will be attended by little oi 


CARL LOVELACE 


681 


no constitutional distuibance, even dui mg spoiulation, piovided the 
patient be kept at rest Theie may be a chill and feiei, but, as a i ule, 
the fever, even though the paiasites be of the estivo-autumnal type, will 
be intermittent 01 maikedly lcmittent It is not dangeious The dangei 
lies m the more 01 less unavoidable resumption of the qumm which 
precipitated the paroxysm of hemoglobmuna Neither paiasites m the 
blood, nor chill and fever, with or without paiasites, indicate qumm 
until the urine has been cleai foi several days Of course, the blood 
should be examined daily, m the exceedingly 1 emote event that a heavy 
infection might leveal itself It is oui piactice here to begin with one- 
gram doses of qumm tannate three times a day and gradually to work 
up to 20 or 30 giams of the hydrochlond daily The tannate is chosen, 
not because it is a tannate, but because it is the weakest of the salts of 
qumm 

From the foiegomg one may see that I have the following working 
conception of blackwatei fever It is, as Stephens says, a condition, not 
a disease, a condition incident to an heroic efloit of Nature to rid the 
oiganism of the products of long-continued, and, perhaps, “exalted,” 
malanal infection 

GENERAL TREATMENT 

The general treatment of the condition is neaily as important as the 
abstinence from qumm The chief indications are two to supply water 
abundantly and to nurse carefully On account of the distressing vomit- 
ing, it is usually necessaiy to supply the watei as noinial saline solution 
by bowel, by liypodermoclysis, or mtiavenously, accoidmg to the urgency 
of the case As a rule, the “Murphy drip,” given continuously, at the 
late of 75 drops to the minute, is quite satisfactory The vomiting and 
hiccough aie fiequently distressing symptoms difficult to meet Foi the 
vomiting the best treatment is to lefiam from putting anything whatever 
into the stomach and to put a mustard plaster ovei it If these fail, it is 
well to make the patient dunk a glass of water, into which two or thiee 
drams ot bicarbonate of soda aie dissolved Aftei this is vomited more 
or less lelief frequently ensues Should these simple measuies piove 
unavailing, the changes may have to be rung on the usual remedies and 
the usual morphm finally resorted to It is, however, distinctly harmful 
and we should turn to it only m despair 

Digitalis and caffem, both given intramuscularly and m full doses, 
aie of decided value m the progiessive heait weakness, and as promoteis 
of renal activity Yorkes’ 15 studies on the mechanism of the suppression 
of urme m blackwater fever have shown veiy clearly the importance of 
sustaining a relatively high blood-pressuie by means of fluids and of 
these drugs 


15 Yoike, Wamngton But Med Joui , 1911, n, 1272 
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Caieful intelligent nursing that saves eveiy particle of the patient’s 
stiength is of lmmeasuiable value A blackwatei patient is emphatically 
a bed patient He should be caiefully watched not only dunng the 
period of liemoglobmuiia, but foi many days theieaftei Sudden death, 
by acute cardiac dilatation, during convalescence as a sequence of getting 
out of bed, oeeuired m tliiee of our cases 1C 

QUININ PROPHYLAXIS AND BLACKWATER FEVER 

Whoever has lead thus fai has piobabty been stiuck by two things 
(1) the lemarkably high incidence of, m Deadenck’s phrase, the “mystic 
syndiome” among oui employees, and (2) the laige size of the piopl^d- 
actic doses of quimn that we urge on them 

The pimciple of the proplydaxis of malana by means of quimn does 
not, I think, need discussion Without this measuie, the piesent success- 
ful attempt to build the Madena-Mamoie Railroad would have ended m 
failuie, as did the three previous attempts I have been m the habit of 
urging all employees, not protected by screened houses, to take 10 grams 
of quimn daiJy, foi the simple leason that smallei doses have, b3 r actual 
tual, m the pel sons of thousands of men, been found to be fai less 
efficient Unfortunately, oui organization is a civil, not a military one 
We cannot compel oui people to take quimn except when they aie m the 
hospital We must lely on moial suasion The lesult is that some of 
oui employees take 10 giams of quimn daily, a laigei number of them 
take it iriegulail3 r , and a not inconsiderable numbei of them take abso- 
lutely no quimn, except when they are sick m bed How, we know, by 
careful obseivation extending over five years, that among our legular 
takers of quimn, blackwater fevei is exceeding^ rare It does occur 
among them sometimes, but m these individuals theie is always the 
history of many mild attacks of malaria, extending over many months, 
m spite of the daily quimn Oi those who take a good deal of quimn 
megularly, and among whom the incidence of the condition is veiy high 
— 4 pei cent of all admissions foi all causes — the Spanish laboiei is 
preeminent I have already touched on this man’s habits In the fiist 
place he will not begin piopl^lactie doses of quimn until aftei malarial 
infection has already levealed itself m the foim of a series of blood- 
desti oymg paroxysms This, I may heie say, is the senous drawback to 
the piophjdaxis of malana by means of quimn, it takes a good stiff 
attack to teach the average man — American foieman as well as Spanish 
peasant — that, except m oui towns wheie antimosquito woik has been 
done, he must take quimn daily in older to live and woik here After 
two or thee spoi illations have occuiied the mischief has been done, and 
the only way to keep 3mm man fiom becoming a subject of chiomc 

1C The nnm mtei esting questions connected with post-hemoglobinunc fe\er 
are defeired foi futiue considcntion 
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malana and, therefore, a candidate for black-water fever, is to put him 
m the hospital and give lnm 30 grains of quimn every day for two or 
three weeks To return to our Spamaid after having had a few attacks 
of malaria he begins taking quimn megulaily and resumes the pick and 
shovel Malarial paroxysms lecui eveiy one or two weeks As he uses 
the mosquito net, which we have forced on him, as a pillow instead of 
as a protection against mosquitoes, he is constantly being reinfected 
Every attack saps moie and more of his vitality Finally comes the 
state described by Stephens, that “condition m which quimn, other drugs, 
cold, 01 even exertion, may produce a sudden destruction of red cells” 
In my cases, howevei, the exciting cause has always been quimn 

Among those of white blood who take quimn only when they are 
compelled to do so, blackwater fever is common The condition developed 
m one of our patients — a Chnstian Scientist — after a single dose of 5 
giams of quimn had been taken The man had, m camp, two pievious 
definite and separate attacks of chill and fever On the third attack, 
at the entieaties of his fi lends, his religious sciuples weakened, and he 
took 5 grains of quimn In a few hours hemoglobinuria supeivened and 
the next day he died This 5-gram capsule of quinm was the only qumin 
the man had ever taken m his whole life I do not know absolutelv that 
the two previous definite attacks of chill and fevei were malarial, but, if 
they were not, then this man was the only one of the party of engineers 
who escaped malana during that period Ffo autopsy was held 

Blackwater fever is increasing among our employees Its incidence 
is three times as high this year as it was m the year 1909, but m 1909, 
when a man had had a few attacks of malana, he usually left the region 
This condition of affairs does not now obtain We are acquiring a popu- 
lation of men who have been heie more than one year, men who, by 
leason of their intensely malanal surroundings and their failure t<? 
cairy out the quimn prophylaxis properly, have become “blackwater 
candidates ” 

SUMMARY 

1 There exists a deplorable confusion as to the cause and treatment 
of blackwater fevei 

2 So far as may be indicated by this series of 514 cases, malarial 
infection stands m a direct causal relation to blackwater fever 

3 Blackwater fever is not due to a particular species of malarial 
parasite 

4 Quimn, m large or <unall doses, was, m this series, an invariable 
antecedent of the hemoglobmuric condition 



684 


THE ARCHIVES OF INTERNAL MEDICINE 


5 Under no circumstances 17 should qumm be given to a blackwater 
fever patient during the period of hemoglobinuria, nor for several days 
thereafter The effect of the paroxysm of hemoglobinuria is, itself, that 
of a drastic, but temporary, therapeutic agent, decimating the malarial 
parasites in the patient’s blood much as a single intravenous injection 
of salvarsan decimates the spirochetes of syphilis in the lesions of that 
disease 

6 Qumm, cautiously begun, will be necessary, but it should not be 
begun until several days after the unne has become free from hemoglobin 

7 Measures which sustain the blood-pressure are urgently indicated 
during the period of hemoglobinuria Of these, normal saline solution 
given by bowel, subcutaneously, oi intravenously, is chief Digitalis 
and caffem are of decided value 

8 The prophylaxis of malaria is the prophylaxis of blackwater fever 

Candelaria Hospital 

17 Since this paper was written I have read a report of J B Cardamatis 
Sixty-five physicians report 1,906 cases of blackwater fever treated with quinin, 
with 255 deaths, a mortality of 23 6 per cent Forty physicians report 1,066 
cases treated without quimn, with 80 deaths, a mortality of only 7 5 per cent 
Cardamatis, John P Bull Soc de path exotique, 1910, m, 104 
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